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PREFACE 


TO  THE  SECOND  EDITION. 


(|  By  the  rapid  development  of  Tramways  during  the 
sixteen  years  that  have  elapsed  since  the  first  edition 
of  this  work  appeared,  much  experience  has  been 
gained*  and  much  improvement  made  in  construction. 
In  view  of  the  employment  of  mechanical  traction  upon 
a  large  number  of  tramway?,  the  attention  of  engineers 
has  been  largely  directed  to  increasing  the  strength  of 
the  way,  for  the  purpose  of  carrying  engines  of  the 
weight  necessary  for  hauling  power,  as  well  as  for 
adhesion.  In  the  result,  so  far,  metal  ways,  with  girder- 
rails  and  simple  connections,  are  the  kind  of  structure 
at  which  we  have  arrived— on  the  principle,  it  may  be 
supposed,  of  •*  the  survival  of  the  fittest."  But  we  still 
await  a  settlement  of  the  question  of  the  best  means  of 
traction. 
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To  record  aaalytically  the  progress  that  has  been 
made  in  the  design  and  construction  of  tramways,  and 
in  modes  of  traction  by  mechanical  power — including 
cable  traction,  electric  traction,  and  other  motors — is 
one  of  the  principal  aims  of  the  present  v  olume.  As  in 
the  first  edition,  so  in  the  second,  the  work  has  been 
written  with  special  reference  to  the  Tramways  of  the 
United  Kingdom,  with  incidental  notices  of  work  on 
the  Continent  and  in  America.  A  glance  at  the  Table 
of  Contents  will  be  sufficient  to  disclose  the  extent  to 
which  an  attempt  has  thus  been  made  to  cover  the 
ground  necessary  for  a  comprehensive  survey  of  the 
history  and  progress  of  tramways. 

In  addition  to  engineering  matters,  the  accounts  of 
various  English  tramways,  and  the  capital  cost  and 
working  expenditure  of  some  of  the  undertakings,  have 
been  submitted  to  analysis.  The  propriety  and  desir- 
ability of  uniformity  of  accounts,  which  is  now  enforced 
by  the  Board  of  Trade,  was  first  recognised  by  the  North 
Metropolitan  Tramway  Company.  The  beneficial  effects 
of  uniformity  and  lucidity  of  accounts  are  indisputable, 
not  only  for  the  instruction  and  satisfaction  of  investors, 
but  for  the  guidance  of  promoters  of  kindred  under- 
takings. 

In  regard  to  the  statistical  information  given  in  the 
present  volume,  it  should  be  mentioned  that — ^the  re* 
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vision  of  the  work  for  a  new  edition  having  occupied 
my  attention  over  a  considerable  length  of  time,  owing 
to  other  engagements — the  details  of  particular  under- 
takings have  not  in  every  case  been  brought  down  to 

the  date  uf  the  last  returns ;  but  it  is  believed  that  in 
all  cases  the  information  given  will  be  found  such  as 
to  indicate  with  sufficient  precision  the  points  to  which 
the  attention  of  persons  investigating  the  subject  of 
tramways  should  be  directed,  and  the  quarters  in  which 
further  inquiry  may  be  usefully  made. 

In  the  Appendix,  besides  other  matters  of  interest, 
there  will  be  found  a  full  abstract  of  the  provisions  of 
the  Tramways  Act,  1870  ;  some  account  of  the  separate 
Parliamentary  iinactments  relating  to  Scotland  and 
Ireland ;  the  full  text  of  the  Board  of  Trade  Rules  for 
the  guidance;  ot  promoters  of  trtiinwciy  unuurtakings ; 
and  a  full  report  of  the  judgment  given  by  the  House  of 
Lords  (July  30,  1894)  on  the  question  (arising  under 
Section  43  of  the  Act  of  1870)  of  the  basis  on  which  the 
value  of  tramway  undertakings  purchased  by  Local 
Authorities  should  be  assessed.  The  various  forms  of 
Byelaws  and  Regulations  affecting  tramways,  which 
have  been  issued  by  the  Board  of  Trade,  are  also  given. 

In  conclusion,  I  may  express  the  hope — not  only  in 
regard  to  tramways  properly  so  called,  but  also  in 
respect  of  other  forms  of  light  railways,  the  introduction 
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of  which  in  country  districts  is  now  anticipated  in  the 
near  future — that  this  new  and  enlarged  edition  of  a 
work  which  has  been  so  favourably  received  may  be 
iound  of  continued  service  to  all  engaged  in  the  promo- 
tion, or  construction,  or  management  of  such  under- 
takings. 

In  carrying  out  the  revision,  I  have  availed  myself  of 
the  best  sources  of  information,  including  the  Proceed- 
injafs  of  the  Institution  of  Civil  Engineers  and  of  the 
Institution  of  Mechanical  Engineers,  the  Tramway 
Returns  issued  by  the  Board  of  Trade,  and  numerous 
oiiiciai  d(jc  uments  of  the  several  companies  whose  lines 
are  described  or  referred  to;  and  I  have  to  acknow- 
ledge with  hearty  thanks  the  assistance  kindly  rendered 
me  in  many  quarters  (some  of  wliich  are  indicated  in 
the  text]  in  furnishing  needful  particulars  of  informa- 
tion. 

D.  K.  Cr,ARK. 

8,  BucsrNGHAii  Stri  in  .  Ami  r.rai. 
London:  S/ptember,  1894. 
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PREFACE 

TO  THE  FIRST  EDITION. 


Tramways  have  been  developed  by  dint  of  sheer  hard 
work  and  persistency,  and  they  are  now  an  accepted 
means  of  transport,  urban  and  suburban,  sanctioned  by- 
experience,  approved  and  adopted  by  the  public. 

Unassuming  and  unobtrusive  as  they  are,  tramways 
have  been  the  subject  of  a  wide  range  of  experience. 
By  failures,  engineers  have  discovered  what  would  not 
do;  and,  .'is  practical  philosophers,  they  havf,  by  induo 
tion,  arrived  at  the  conditions  of  e&ciency.  There  exists 
a  sentiment,  which  is  somewhat  prevalent,  that  tramway 
engineering  is  but  a  humble  branch  of  the  profession. 
The  sentiment,  born  of  stil-complacency,  is  delusive. 
To  tramways,  it  is  true,  Titanic  arches,  Acherontian 
tunnels,  and  Cyclopean  engines,  do  not  appertain. 
Nevertheless,  tramways  cost  half  as  much  as  railways, 
and  they  earn  more  money  by  the  mile ;  they  have  in- 
volved as  much  blundering  as  railways;  like  railways, 
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they  have  exhausted  reputations,  and  they  have  cost 
more  than  raUways  for  working  expenses. 

The  object  of  this  book  is  mainly  to  place  before  engi- 
neers, capitalists,  and  financiers,  a  succinct  analysis  ot 
the  past  practice  and  the  present  achievements  in  tram- 
ways in  the  United  Kingdom,  as  works  of  engineering, 
and  as  money-making-  concerns.  I  have  been  materially 
aided  in  this  work  by  the  engineers  of  tramways,  who 
have  kindly  placed  their  plans  and  specifications  at  my 
service ;  and  by  the  secretaries  and  managers,  who  have 
supplied  me  with  copies  of  their  accounts. 

I  believe  the  results  of  these  analyses  will  be  found  of 
essential  service,  in  showing  how  the  capital  has  been 
laid  out,  how.  the  daily  expenses  are  incurred,  and  in 
what  directions  economy  of  expenditure  is  to  be  efifected. 

Tramways  will  not  take  their  fitting  place  in  the  sys- 
tems of  transport  in  the  United  Kingdom,  until  mecha- 
nical power  is  established  in  substitution  for  the  power 
of  horses.  The  employment  of  horse-power  in  the  dire 
work  ui  btariing  and  dragging  the  ponderous  cars  in 
vogue  is  an  element  of  barbarism,  germane,  it  may  be, 
to  the  primitive  habits  of  oriental  life,  but  very  much 
out  of  place  in  a  civilised  couiury. 

D.  K.  Clark. 

8,  BUCKINCHAU  Strzet,  Adelphi, 
LoNixiN :  Marchf  1878. 
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TRAM  WAYS. 


PART  I. 

ORIGIN  AND  PROGRESS  of  TRAMWAYS. 

CHAPTER  I. 

INTRODUCTION  OF  TRAMWAYS. 

A  iKAM.  according  to  Nutuiil,  is  the  sliaft  ot  a  can  or  a  carriage. 
It  is  also  a  local  name  lor  a  coal-wagon,  whence  is  derived  the 
com|)ound  word  *'  tramway  **  or  **  tramroad  " — a  road  laid  with 
narrow  tracks  of  wood,  stone,  or  iron,  for  trams  or  wagons. 

In  France,  tramways  were  officially  known  as  "  horse  railways 
(zvtty  ftrrks  h  trat^an  de  ckevaux).   By  th^  public  they  were 
known  as  "  American  railways  "  {chtmins  de  \fer  AmMtmns^  or 
simply  J^AmMcain),   Finally,  the  English  word  "tramway**  has 
become  universally  adopted  in  France. 

A  tramway,  in  the  modem  sense  of  the  word,  is  a  street  railway, 
or  a  road  railway,  forming  part  of  the  roadway ;  such  that  the 
traflic  of  the  street  or  the  road,  unaffected  by  the  tramway,  is  free 
to  ctriniJate.  It  follows,  as  the  principal  condition  of  such  free 
circulation,  that  the  surfece  of  the  rails,  whilst  they  are  adapted  for 
carrying  flanged  wheels,  should  be  at  the  level  of  the  caniage-way. 

Tramways,  for  iacilitating  heavy  continuous  traffic,  were,  as  may 
be  imagined,  more  desirable  in  the  days  of  noroads,  or  bad  roads. 
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than  they  are  even  now.  They  were  laid,  more  than  two  hundred 
years  ago,  in  the  minexal  districts  of  England,  when  coal  was 
fa|Hdly  supplanting  wood  as  fuel,  for  the  conveyance  of  coal  to 
the  sea-coast  for  shipment  The  difficulty  of  keeping  the  roads  in 
repair — Pleading  from  coal-mines — ^may  easily  be  conceived.  Some- 
thing of  the  condition  of  roads  in  the  ante-macadam  period  may  be 
witnessed  to-day  in  the  earth*roads  of  Egypt  These,  after  a  heavy 
fall  of  rain,  become  seas  of  mud,  and  constitute  fonnidable  impedi- 
ments to  circulation,  instead  of  facilitating  it  Our  forefathers  were 


Fiu.  I*   i^arly  timber  uamways.   Scale,  ^V* 


led  to  lay  planks  or  thnbers  at  the  bottoms  of  the  ruts,  as  a  better 
contrivance  than  filling  in  stones.  The  inconvenience  of  the 
ruts»  again,  led  to  placing  planks  or  rails  of  timber  on  the  level 
surface.  In  1 6  7  6,  tramways  consisted  of  rails  of  timber  laid  ^  from 
the  colliery  to  the  river,  eatactly  straight  and  parallel**  . 

The  rails»  originally,  were  formed  of  scantlings  of  good  sound  oak, 
and  were  connected  by  sills  or  cross-timbers  of  the  same  material, 
pinned  together  with  oak  trenails,  as  shown  in  Fig.  i.   The  rails 


Fro.  2.   Eariy  timber  tramways  wiih  doable  rails.  Scale, 

were  4  inches  deep  and  4  or  5  inches  wide,  laid  parallel,  3  or  4  feet 
apart,  in  lengths  of  6  feet  The  cross-slecpcrs  were  6  feet  long 
by  4  or  5  inches  decj*  and  5  inches  wide,  laid  about  2  feet  apart 
between  centres.  The  rapid  abrasion  and  wear  of  the  rails,  in 
consequence  of  the  coarse  constructionof  the  wheels  and  the  wear 
of  the  sleepers  by  the  action  of  the  horses'  feet,  led  to  the  placing 
ol  an  addiuuiiai  rail,  Fig.  2,  U]x>n  the  first  rail.    This  second  rail 
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became  the  wearing  i)iL*ce,  and  could  he  renewed  with  faciUty ; 
whilst  the  increased  depth  afforded  by  it  atlmitted  of  tlic  covering 
of  the  sleepers  by  the  soil,  and  their  ])rotertion  from  the  horses* 
feet.  Till  wearing  rails  were  of  hard  wood — beech  or  sycaiiiorc — 
6  feet  lon;j  I  v  from  4  to  6  inches  deep.  The  under  rails  of  the 
doul>le  way,  at  first  made  of  oak,  were  subsequently  made  of  fir. 

It  became  a  common  practice  to  liail  down  bars  of  wrought  iron 
on  the  surface  of  the  ascending  inclines  of  the  road,  where  the 
draught  was  increased,  in  consequence  of  the  greater  wear  of  the 
timber.  These  bars,  or  rails,  were  about  2  inches  wide,  and  \  inch 
thicic,  and  fastened  to  the  wood  mils  by  nails  having  countersunk 
heads.  But  the  iron  bars,  not  being  stiff  enough,  were  consider- 
ably bent  when  the  trades  were  loaded,  and  the  resistance^  accord- 
ing to  Mr.  Wood,  was  reduced  but  slightly  below  that  of  a  well* 
constrocted  double  wooden  nulway. 

Nevertheless,  a  marked  improvement  in  the  perfonnance  ot  the 
draught  horses  followed  upon  the  establishment  of  the  tramway. 
The  regular  load  of  coals  for  one  horse,  on  the  common  road, 
amounted  to  $  bolls  or  17  cwt,  whilst,  upon  the  tramway,  the 
horse  could  regularly  take  a  load  of  19  bolls  or  42  cwt  of  coaL 

Cast  iron  was  first  tried  incidentally,  as  a  material  for  rails,  in 
1767,  by  the  Coalbrookedale  Iron  Company,  who  determined  to 
protect  their  oak  rails  with  cast  iron,  not  altogether  as  a  necessary 
expedient  of  improvement,  says  Mr.  Homblower,  writing  in  1809, 
"  but  in  part  as  a  well-digested  measure  of  economy  in  support  oi 
their  trade.  From  some  adventitious  circumstances,  the  price  of 
pigs  became  very  low:  and  their  works  being  of  great  extent,  in 
order  to  keep  the  furnaces  in,  they  thought  it  would  be  the  best 
.means  of  stocking  their  pigs  to  lay  them  on  the  wooden  railways, 
as  it  would  help  to  pay  the  interest  by  reducing  the  repairs  of  Uie 
rails ;  and  if  iron  should  take  any  sudden  rise,  there  was  nothing 
to  do  but  to  take  them  up  and  to  send  them  away  as  pigs."  ♦ 

The  iron  rails  were  cast  in  lengths  of  5  feet,  4  inches  wide,  and 

inches  thick,  as  in  Fig.  3,  formed  with  three  holes,  through 

*  Observations  by  Mr.  Homblower,  in  the  Appendix  to  the  Third 
Report  of  the  Committee  on  Highways,  1809. 

B  a 
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which  they  were  fastened  to  tlic  oak  rails;  "  and  very  complete  it 
was,  both  in  design  and  in  execution." 

The  tramway  was  developed  into  the  railway  by  the  dnployment 
of  flange  rails  and  edge  rails  ot  cost  iron  and  of  wrought  iron, 
designedly  elevated  above  the  surface  of  the  ground,  upon  new 
tracks  laid  out  specifically  for  the  formation  of  railways.   But  a 


Fto.  3.  Cast-iron  tram-rails,  by  the  Colebrookedale  Iron  Company. 

Scale  1^. 

rcaciion  set  m  when  it  was  found  that  railways  wanted  the 
needful  adaptabihty  to  follow  out  the  subordmate  lines  of  traffic 
which  occupied  roads  and  streets.  Tiie  convenient  and  uni»!c- 
tentious  tramwa)  was  revived,  and  laid  in  streets  and  conmion 
roads,  for  the  conveyance  of  pab.sengers  on  the  omnibus  system. 
The  revivals  have,  for  tlit  most  part,  been,  like  the  ]>rimit!ve 
tramwa)  s,  worked  by  horses.   Nevertheless,  m  view  of  the  success 
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of  the  tramway  system,  as  a  mechanical  fact,  it  may  be  expected 
that  mechanica]  power  will  be  generally  substituted  for  horses. 

The  modem  tramway  was  first  employed  in  the  United  States, 
where  it  was  urgently  wanted,  in  consequence  of  the  inferior  con- 
dition of  the  streets  and  roads  of  the  large  cities.  The  first 
American  tramway  was  the  New  York  and  Haarlem  line,  of  which 
the  first  section,  laid  in  the  main  thoroughfares  to  a  gauge  of 
4  feet  ^  inches,  was  opened  in  1833.  But  it  was  unpopular, 
and  was  for  a  time  suppressed.  Tramways,  nev^heless,  were 
revivetl  in  the  same  city  about  the  year  1852  by  the  instru- 
mentality of  M.  Loftbat,  a  French  engineer,  who  Tecomniende<i 
and  laid  down  a  tramway,  consisting  of  rolled  wrought-iron  rails, 
laid  upon  wooden  sleepers.  The  rails  were  constructed  with  a 
groove  in  the  upper  sur&ce  to  guide  the  wheels  of  the  cars, 
which  were  made  with  flanges,  like  those  of  railway  carriages  and 
wagons.* 

Tramways  were  rnymlly  multiplied  in  New  York,  which  owes 
much  of  its  development  to  the  tramways,  the  traffic  upon  which  was 
of  much  more  importance  than  that  of  the  light  wheeled  vehicles 
used  for  ordinary  circulation.  Otherwise,  the  rails,  which  were 
formed  Avith  wide,  gulf-like  groove*;,  would  not  have  been  toleratetl 
in  the  streets.  The  tramway  afforded  incalculable  advantages, 
and  it  became  an  indispensable  feature  in  the  principal  cities  of 
the  United  States.  The  long  distances  to  be  traversed,  the 
generally  barl  condition  of  the  streets  and  road?,  and  the  com- 
parative scarcity  of  other  vehicle*;,  formed  a  combination  of 
circ  um<;tances  which  forced  the  tramway-car  into  general  use  by 
ail  ciasses. 

Habits  were  formed,  and  the  irregularities  of  rails  and  roads 
were  of  less  importance  than  they  bad  been  felt  to  be  in  Britain. 
The  annexed  sectional  illustrations,  Figs.  4  to  9,  show  the  fearless 
manner  in  which  the  New  York  tram-rails  were  proy)ortioned, 
combining  obnoxious  grooves  with  massive  sections.  An  unso- 
phisticated observer,  struck  by  the  proportions  of  these  rails  with 

•  The  rails  laid  by  M.  T.oubat,  in  Paris,  hereafter  noticed,  were 
similar  to  those  laid  by  him  in  America. 
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the  portentous  grooves,  described  them  as     rails  which  have 
a  sort  of  iron  gutter  attached  to  each  on  their  inside  edge."* 
Mr.  Charles  L.  Light,  an  English  engineer,  properly  conceiving 


New  York  Tram-Rails.   Scale,  \  full  size. 


Fig.  6.    New  Yoik,  Second  Avenue. 


•  Tetter  of  Mr.  Longley,  quoted  by  Mr.  Beresford  Hope,  in  his 
evidence  before  the  Select  Committee  on  Tramways,  1872.  Mr.  Peel, 
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lhat  the  great  groove,  or  "  gutter,"  in  the  New  York  rails  was  a 
great  nuisance,  devised  and  laid,  in  1856 — 5 7,  a  less  incommodious 


Nkw  York  Tram-Raii  s.    Scale,  \  full  su*-. 


1  member  of  the  Committee,  struck  by  the  originality  of  the  notion  of 
a  "puller"  alongside  the  rail,  naturally  inquired  of  Mr.  Hope, — 

"  In  comparing  the  New  York  system  with  that  adopted  in  London, 
you  spoke  of  an  iron  gutter  as  being  a  feature  of  the  system  ?  " 

Ans.  "My  correspondent  is  Mr.  Longley,  son  of  the  late  Arch- 
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tram-rail  in  the  streets  of  Boston.  U.S.,  in  which  the  depth  of  the 
groove  was  Hmited  to  ]  inch,  whilst  the  inner  side  of  the  groove 
was  carried  up  with  a  flat  slope,  so  formed  that  mud  or  small  stones 
could  be  the  more  easily  pushed  away  by  the  flanges  of  the  car 
wheels.  The  groove  was  not  so  deep,  and  not  so  damaging  to  the 
wheels  ot  ordinary  vehicles,  as  the  grooves  of  the  New  York  rails. 


Fig.  lo.    Cast-iron  rail,  Boston,  U.S.,  by  Mr.  C.  L.  LiKll^    Scale  \. 


bishop,  who  is  very  well  known,  and  who  happened  to  be  in  New  York 
last  year.  I  do  not  knt»w  whether  you  wish  to  challenge  the  social 
condition  of  my  New  York  correspondent  ?  " 

"  Not  by  any  means.  But,  as  I  understand,  the  iron  gutter  is  not 
at  all  used  in  the  English  system  ?  " 

Ans.  "  1  do  not  suppose  that  any  witness  has  contended  that  it  is." 

**  But  when  you  say  that  the  New  York  system  is  characterized  by 
iron  gutters,  and  is  therefore  disadvantageous  to  the  public,  what  is 
the  inference  you  wish  the  Committee  to  draw  !'  " 

A  us.  "  That  the  New  York  system  has  one  more  element  of  incon- 
venience in  it  than  the  English  system." 

As  Mr.  Hope  himself  said  in  his  next  answer,  such  sort  of  evidence 
is  "a  mere  red-herring,  ver}'  unfair  and  very  untrue."  Of  such  is 
history  made. 

Here  is  another  bit  of  Mr.  Hope's  evidence:  "Omnibuses,  dan- 
gerous and  disagreeable  as  they  are,  move  in  and  out  ;  while  a 
tramway  cannot  move  in  and  out.  .  .  .  .Mr.  Train  ran  one  of  his 
lines,  and  had  a  station  for  his  omnibuses  under  my  window,  and 
the  noise,  and  the  hallooing,  and  the  row  that  went  on  was  a  great 
inconvenience,  certainly."    Such  evidence  was  unanswerable. 
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The  rails,  Fig.  lo,  were  of  cast  iron,  in  lengths  of  6  feet  and  8  feet, 
weighing  75  lbs.  per  yard.  The  ends  of  the  rails  were  formed 
with  dowels  and  cores  placed  diagonally,  which,  being  interlocked, 
were  designed  to  maintain  the  ends  ol  the  lengths  of  nil  at  one 
levd.  These  rails,  after  several  years'  working,  were  replaced  by 
rails  of  wrought  iron. 

In  order  to  mitigate  the  inconveniences  of  the  New  York  sections 
of  tram-rail,  a  different  sort  of  rail,  Fig.  11,  from  which  the 
groove  was  banished,  though  a  ridge  remained,  was  introduced 
in  Philadelphia,  and  laid  in  Fifth  and  Sixth  Streets,  where  it  gave 
'satisfaction.  It  consisted  of  a  flat  plate,  5  inches  wide,  formed 
with  a  raised  ledge  or  step  at  one  edge,  standing  |  inch  above 
the  surface  of  the  plate,  without  any  groove.    The  plate  was 


formed  with  a  ledge  or  fillet  at  each  side  below,  let  into  corre- 
sponding rebates  in  the  upper  comers  of  the  sleepers,  which  were 
of  wood.  The  weight  was  46  lbs.  per  yard.  The  gauge  was  fixed 
at  5  feet  2  inches  between  the  ledges  to  suit  the  wheels  of  ordinaxy 
vehicles,  which  could  run  on  the  lower  flat  surfaces.  The  type  of 
tramway  thus  settled  for  Philadelphia  in  1S5S,  is  shown  in  Figs. 
12  and  13. 

The  rails  were,  laid  on  longitudinal  sleepers  of  yellow  pine, 
5  inches  wide  and  7  inches  deep,  bolted  down  upon  transverse 
sleepers,  6  inches  wide  and  5  inches  deep^  with  iron  knees  to 
maintain  the  rails  in  gauge. 

Following  the  principle  of  the  Philadelphia  rail,  but  adopting  a 
greater  width — S  inches — a  similar  rail.  Fig.  14,  was  introduced 


Fig.  II.   Philadelphia  !itep*rail.   Scale  ^. 
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in  New  York  previous  to  i860.  It  was  better  adapted  for  taking 
che  wheels  of  ordinary  vehicles,  which  varied  considerably  in 
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Fjc&.  12  and  13.  Philadelpliia  Tramways.   Scale  ^. 

gauLic,  whilst  new  vehicles  of  the  ordinar)'  kinds  were  made  to  fit 
the  tramway. 

But  the  wide  Iram-j/Luc  oi  stcj  -rail  incurs  the  objection  that  it 
does  not  afford  a  good  foothold  i'or  hordes,  whether  harnc^cd  to 
tramcars  or  to  ordinary  vehicles.    There  ii-,  bcsiiles,  the  general 


Digitized  by  Google 


XEII-  yon  A'  STEP' RAIL. 


.objection  to  the  step  form  of  the  surface,  in  which,  thougli  the 
rise  may  never  exceed  an  inch,  the  elevation  is  sufficient  to  cause 
a  considerable  degree  of  inconvenience  to  vehicles  crossing  the 
rails  in  an  oblique  direction  in  straining  the  wheels  and  the  axles. 
The  step-rail  possesses,  on  the  contrary,  the  advantage  over  the 
grooved  rail  that  the  flange  of  the  car-wheel  is  always  free,  as 
there  is  no  groove  for  the  lodgment  of  obstructive  pebbles  and 
mud,  whilst  there  is  nothing  to  seize  the  wheels  of  ordinary 
vehicles. 

The  step-rail  is  in  general  use  in  the  principal  cities  of  the 
United  States,  where  probably  there  is  less  of  the  light  cab  and 
omnibus  traffic  than  what  prevails  in  English  cities  and  towns 
exposed  to  the  action  of  the  obnoxious  step. 


Fig.  14.    New  York  stcp-rail.    Scale  J. 


Tramways  have  been  widely  extended  in  the  chief  cities  of  the 
Union.  The  gauge  of  tramways  adopted,  for  the  most  part,  in  the 
United  States  is  4  feet  S.V  inches. 

The  tramway  system  of  Buenos  A)Tes,  the  principal  city  of  the 
Argeritine  Republic,  is  a  conspicuous  example  of  the  beneficial 
adojJtion  of  tramways  in  towns.  There  were,  in  1872,  in  opera- 
tion or  in  course  of  construction  about  70  miles  of  tramway  in 
that  cit>',  a  greater  mileage  probably  in  proportion  to  the  size  of 
the  place — which  contains  200,000  inhabitants — than  has  been 
laid  in  any  other  city  in  the  world.  The  extraordinary'  develop- 
ment of  the  system  there  is  attributable  m  a  great  measure  to  the 
comfort,  the  cheapness,  and  the  rapidit)'  of  tramway  locomotion 
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compared  with  the  pievioasly  existing  means  of  conveyance  in 
carriages  or  omnibuses  over  a  very  rough  kind  of  paving.  The 
city  is  built,  like  the  towns  and  eities  of  the  United  States,  in 
square  blocks,  the  streets  being  straight,  parallel,  and  at  right 
angles.  Almost  every  street  has  its  line  of  tramway,  laid  for 
the  most  part  on  Livesey's  system,  afterwards  described.  The 
principal  lines  are  known  as  the  City,  the  Billinghurst  (now  the 
Argentine),  the  Lacroze,  the  National,  the  Mcndez,  and  the 
Southern  Tramways.  One  particular  feature  which  added  to  the 
cost  of  working  these  tramways  was  the  nerc^sity,  some  years  ago, 
for  having  "tnimpetCTs" — men  on  horseback  who  ride  in  advance 
of  the  cars  each  blowing  a  trumpet — to  warn  off  carts  and  other 
vehicles  from  the  track,  as  well  as  to  prevent  collisions  at  the 
inttr<:ections  of  the  streets,  and,  further,  to  assist  in  dragging  out 
of  the  w  ay  any  heavily  laden  or  broken>down  vehicle  obstructing 
the  line.* 

The  modern  tr.imway  was  introduced  in  EnL;land  by  Mr.  G.  F. 
Train,  who.  in  1S57,  rnadc  proposals  for  laying  tramways  on  the 
system  originattnl  in  Philadclpliia  in  some  of  the  Metropolitan 
thorouglifarcs  and  in  a  few  ]*rovincial  towns.  Mr.  Train  asso- 
ciated with  himself  Mr.  James  Samud.  C.F  *  '  •  Muy  failed  in 
their  objec  t  of  ol)taining  an  Act  of  Parliament,  whi^..  w.is  applie<l 
for  m  185S.  mainly  through  the  uppOhition  of  Sir  Benjamin  Hall, 
Chief  Commissioner  of  Works.  "It  was  utterly  impui^ible,"  he 
said,  "  that  the  iron  rails  or  plates  upon  which  the  carriages  were 
to  rim  I  ould  be  laid  on  macadamiscil  roacls,  for  instance,  with  a 
certamtv  of  always  ))elng  ke]it  on  precisely  the  same  level  as  the 
road  .  aiid  carriages  running  diagonally  against  ♦^"^  '"late  would 
be  subjected  to  have  their  wheels  torn  off,  ami  mo>i  serious  acci- 
dents would  result  whatever  precautions  might  be  taken.  Even 
the  weather  would  at  times  effect  this."  t 

"  Sir  Benjamin  Hall,"  said  Mr.  Train,  "  did  not  meet  the  argu- 
ments of  Mr.  Samuel  except  by  prejudice.   Arguing  against  facts 

•  Engineering,  May  17,  187-,  page  332. 
t  Observer t  February  21,  1858. 
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is  difficult,  and  over^riding  stubborn  truths  impossible."  Sir 
Benjamic,  nevertheless,  was  proved  to  be  in  the  right. 

In  default  of  better  authority,  Mr.  Train,  in  March,  i860, 
applied  for,  and  in  May  of  the  same  year  obtained,  permission 
from  the  Commissioners  oC  Birkenhead  to  lay  down  his  tramway 
in  this  town.   In  April  he  patented  his  system. 

«The        Mr.  Train  said,  "will  shortly  be  chipped  in  this 


Fig.  15.  Mr.  G.  F.  Train's  tramway  at  Birkcnliead.  Scale  A. 

country  under  my  patent,  at  great  cost  and  labour,  and  I  shall 
endeavotir  to  prevent  my  chicken  (as  is  too  frequently  the  case 
with  valuable  inventions)  from  becoming  somebody  else's  hen." 

So,  the  first  of  his  lines  was  laid  in  the  macadamised  roads  of 
Birkenhead,  and  was  opened  on  August  30,  i860,  within  five 
months  after  Cie  application  for  leave  was  made.  It  is  illus- 
trated by  Figs.  15  and  16.   It  has  rolled  wrought*iron  step-rails, 


Fig.  16.        G.  F.  Train's  tramway  at  Biikaihead  :  Section  of  raiL 

Scale  \, 

weighing  about  50  lbs.  per  yard,  laid  to  a  gauge  of  4  feet  S.i  inches. 
The  rails  were  6  inches  wide  and  -^^..ths  of  an  inch  thick  in  the 
sole,  with  a  step  rising  f  inch  above  the  sole,  antl  a  fillet  at 
each  edge  on  the  lower  side.  They  were  bedded  on  and  spiked 
to  longitudinal  timber  slee[jers.  0  inches  wide  and  8  inches  deep, 
which  were  let  into  and  rested  on  transverse  sleepers,  and  were 
spiked  to  them  with  one  uron  knee  to  each. 
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Short  lines,  similarly,  were,  by  the  pennission  ot  the  local 
authorities,  laid  down  in  London  by  Mr.  Train  and  his  friends 
in  1861  :  in  Bayswater  Road,  betAveen  the  Marble  Arch  and 
Netting  Hill  Gate;  in  Westminster,  from  the  Palace  Holel  to 
Victoria  Station  ;  and  in  Kennington  Road,  from  Westminster 
Bridge  to  Kennington  Park.  In  1863  a  line  if  miles  m  ieugth 
was  laid  by  Mr.  Train  and  opened  in  the  Potteries  District  for 
the  Staffordshire  Potteries  Street  Railway  Company,  between 
Burslem  and  Hanley. 

After  a  brief  experience  of  the  inconvenience  of  the  stcp  iad, 
Mr.  Train's  lines  laid  in  London  were  removed,  whilst  the  Birken- 
head Tramway  and  the  Potteries  Tramway  were  only  saved  from 
extinction  by  the  timely  stibstitution  of  flat  grooved  rails  for  the 
step-rails.  The  grooves  in  the  new  rails  were  sufficiently  roomy 
to  afford  free  play  for  the  flanges  of  the  wheels,  at  the  same  time 
that  they  were  sutlK  icniiy  naiiow  to  prevent  liie  wheels  of  common 
road  vehicles  from  entering  them. 

Our  streets  and  roads  being  in  comparatively  good  coiidiiion, 
with  cabs  and  omnibuses  in  conuaon  use,  great  nuruliers  of  which 
were  available  for  general  circulation  at  reasonable  kires,  the  need 
for  tramway  accommodation  was  less  urgent  in  England  than  else- 
where. The  advocates  of  Iranuvays,  discouraged  by  the  sensa- 
tional failuies,  retired  for  a  time.  Mr.  Beresfoid  1  lope  said,  I 
have  often  been  bii [tun-holed  i\\  society  about  it.  nul  1  siiould 
say  that  the  gci.cr al  population  of  London  look  upon  the  exten- 
sion of  tramways  with  dishke  and  apjirclicnsion." 

In  fine,  the  career  of  the  step-rail  tramway  was  ended.  How- 
ever it  may  have  been  tolerated  in  America,  it  was  hated  in 
England;  and  only  a:tcr  an  interval  of  some  years^ — in  1865  and 
186C — was  the  movement  for  the  construction  of  tramways 
revived . 

It  may  be  noted  that,  ubviatmL:  the  vice  of  the  step-rail, 
fiat  rails  were  laid  in  Salford,  on  Mr.  Julin  llaworth's  system, 
ahout  the  year  1S62,  consisting  of  two  parillel  Jmes  of  unooih 
iron  plates,  4A  inches  wifle  and  A  inch  thick,  and  a  (  entrai  grooved 
rail,  similar  in  section  to  an  inverted  bridge  rail.    These  rails 
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were  laid  upon  and  screwed  down  to  longitudinal  timber  blec|>crs, 
and  fini>«'ned  flush  with  the  surface  of  the  pavement.  Whilst 
the  wheels  of  the  vehicle  rolled  freely  over  the  tram-plates  a 
small  guide-wheel,  having  a  central  flange,  ran  upon  the  central 
rail.  I  he  guide-wheel  was  hun^'  fmm  the  front  ol  the  ordinary 
omniI)i;>,  and  was  raised  or  deprc  -sc  1  at  will  by  the  driver.  This 
triple  r.iil  system,  known  as  the  ■  on-and-otT"  ^^ystem,  was  in 
operation  for  upwards  of  eight  years  ;  but  it  was  too  weak,  inso- 
much n>  it  worked  loose  at  the  joints,  and  the  ends  occasionally 
opened  up,  making  dangerous  footing  for  the  horses.  Besides,  it 
wn«;  open  to  the  objection  of  slipperiness,  and  eventually  the 
episodical  tramway  was  removed. 
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MODERN  TRAMWAYS  IN  THE  UNITED  KINGDOM. 

In  November,  1865,  a  show  piece  of  tramway,  six  yards  in 
length,  was  laid  in  Casde  Street,  Liverpool,  with  tiie  crescent  rail, 
3  inches  wide,  weighing  18  lbs.  per  yard,  imported  from  America, 
laid  as  in  Fig.  17,  on  which  great  expectations  were  based.  The 
crescent  rail,  which  was  certainly  flat  enough  and  wiassuming 


enough,  had  been  employed  in  the  construction  01  tramways  m  the 
United  States,  and,  as  it  lay  perfectly  level  with  the  pavement  of 
the  street,  it  was  hailed  by  its  admirers  as  a  saiisfai  tory  solution  of 
the  problem  of  a  non-obstructive  street  railway.  Tlie  rails  were 
laid  and  screwed  down  to  longitudinal  bearers,  which  rested  on 
cross-sleepers.    A  small  groove,  or  slot  opening,  was  left  in  the 


Fjo.  17.    Crescent  rail,  by  Mr.  J.  Noble.    Scale  \. 
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pavement  to  clear  the  flanges  of  the  wheels.  The  i)rovision  thus 
made  for  clearing  wheel  flanges  was  insufficient,  and  it  was  neces- 
>iTy  ])ractice  to  employ  special  ap])Iiances  for  sweeping  the 
gruov  c  clear  of  obstructive  luatlcr,  whilst  the  tractional  resistance 
must  have  irc^uently  been  excessive.  Besides,  the  unprotected 
edges  of  the  paving  were  liable  to  breakage.  The  system  was 
finally  abandoned,  though  it  formed  part  of  the  original  scheme  of 
the  Liverpool  tramways ;  and  the  sample  line  did  good  service  in 
allaying  the  apprehensions  of  the  timid,  and  in  silencing  the 
objections  of  the  fastidious.  The  sample  piece  was  removed  after 
it  had  laid  four  years  in  Castle  Street 

The  type  of  rail  finally  adopted  for  the  first  Liverpool  tramways 
was  formed  with  a  flat  level  surface,  having  a  narrow  groove  to 
receive  and  guide  the  wheel  flanges. 

In  1866  and  1867  application  was  made  to  Parliament  for 
power  to  construct  a  system  of  tramways  in  Liverpool,  for  which 
an  Act  was  obtained  in  x868.  This  was  the  first  English  system 
of  tramways  for  pass«)ger  tmffic  that  was  authorised  by  Act  of 
Parliament  The  works  were  constructed  by  Messrs.  Fisher  and 
Pairish,  of  New  York,  under  Mr.  George  Hopkins  as  engineer-in- 
chicf,  and  weie  commenced  in  May,  1869.  The  south  line,  from 
the  Exchange  to  Dingle,  3  miles  560  yards  in  length,  was  opened 
on  November  z,  1869.  The  north  line,  from  Old  Haymarket  to 
Spillow  Lane  and  Whitechapel  Street,  3  miles  700  yards  long,  was 
opened  on  September  z,  1870 ;  and  the  line  on  Aigburth  Road, 
which  has  since  been  removed,  x  mile  260  yards  long,  was  opened 
a  year  later,  on  September  t,  187 1.  Thus  the  total  authorised 
length  of  tramway,  or  of  streets  traversed  by  tramways,  amounted 
to  6  miles  r,530  yards,  and  it  was  constructed  in  the  course  of  about 
tvv-o  years  and  three  months.  The  length  constructed  was  about 
Si  miles  in  length,  thus : — 


Single  line  . 
Double  line 


Uiict. 
.  2 


Yarto. 
820 

630 


3 


Total  . 


5 


1,450 


C 
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The  system  was  like  a  Catherine  wheel :  it  consisted  of  an  inner 
circle  a  mile  and  quarter  long,  from  which  two  lines  flew  off.  The 
inner  cirde  is  always  worked  in  one  direction,  and  then  the 
carriages  shoot  off  to  the  north.  There  are  now  (1891)  about  aSi 
miles  of  tramway  in  Liverpool. 

The  gauge  of  the  Liverpool  tramways  was  determined  to  be 
4  feet  8^  inches — ^the  same  as  the  national  railway  gauge.  But 
it  was  not  fixed  at  that  width  with  any  view  to  a  possible 
communication  with  railways.  As  a  matter  of  fact  railway 
wagons  cannot  be  run  over  the  ordinary  groove  rails  of  tramways 
laid  to  the  railway  gauge.  The  gauge  of  4  feet  Si  inches  was 
introduced  in  the  Act  because,  when  the  promoters  first  applied  to 
Parliament,  they  were  obliged  to  apply  as  for  a  "  railway,"  since 


Fio.  i3.  Early  Liverpool  rail.  Scaled* 


the  word  "  tramwav  "  was  not  to  l)e  found  in  the  standinu  orders, 
and  tlu-y  were  under  the  necessity  of  accepting  the  only  gauge 
allowed  for  railways. 

The  form  of  the  rails  adoi)ted  in  the  original  construction  of 
the  Liverpool  tramways  was.  as  before  stated,  of  a  flat  grooved 
section,  such  as  had  been  found  to  answer  satisfactorily  at  Birken- 
head, though  narrower,  weighing  40  lbs.  jier  yard,  about  i  inch  in 
thickness  and  having  a  sectional  area  of  about  4  scjuare  inches.  Rails 
of  similar  but  larger  section  were  afterwards  employed,  \veighing 
45  lbs.  per  yard,  shown  in  Fig,  18.  The  rail  was  little  else  than  a  flat 
bar,  having  a  narrow  and  shallow  groove  in  its  upper  surface,  with  a 
fillet  on  the  lower  side  and  bedded  on  a  longitudinal  sleeper.  The 
rail  was  4  inches  wide  and  \  \  inches  in  thickness.  The  groove  was 
formed  with  sloping  sides,  and  was  \  inch  in  depth,  with  a  width  of 
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I  inch  at  the  bottom  and  double  this  width  at  the  surface  of  the 
nil.  The  tread,  or  lolHng  surface  for  die  wheels,  had  a  width  ol 
about  s  inches^  when  of  course^  the 
inner  edge  of  the  tread  was  at  the 
half-width  of  the  rail;  whilst  the 
ledge  forming  the  other  side  of  the 
groove  was  about  }  inch  wide  at 
the  surface,  and  was  corrugated 
transversely  with  a  view  to  prevent- 
ing sUpperiness  for  horses.  The 
rails  were  bedded  on  timber  sleepers 
4  inches  wide  and  6  inches  in 
depth,  and  were  fished  with  |-inch 
wrougbt-iron  plates,  la  inches  long 
and  4  inches  wide,  applied  below 
the  joint,  let  flush  into  the  upper 

side  of  the  sleeper  as  shown  in  Fig, 

2o.    The  joint  was  fixed  with  four 

vertical  spikes,  two  to  each  rail, 

driven  through  the  rails  at  the 

bottom  of  the  groove,  and  the  fish- 
plate, into  the  sleeper.    The  rails 

were  also  spiked  at  intervals  to  the 

sleepers.    The  heads  of  the  spikes 

were  countersunk,  and  let  into  the 

rails  to  finish  flush  with  the  bottom 

of  the    groove.     The  combined 

sleeper  and  rail  thus  presented,  for 

the  most  i)art,  a  vertical  surface  at 

each    side,    against   which  paving 

stones  could  be  closely  and  evenly- 
jointed.  The  construction  of  the  way 

is  shown  in  cross  section  by  Fig.  19. 

To  render  the  way  independent  for 

support,  on  uncertain  or  unbroken  ground,  the  roadway  was 

excavated  to  a  depth  of  14^  inches  for  the  whole  [width,  and  a 

c  3 


Digitized  by-Coogle 


20 


ORIGIN  AND  PROGRESS  OF  TRAMWAYS. 


continuous  bed  of  lime  concrete,  7  inches  thick,  was  laid  for  the 
whole  width  of  the  track,  as  a  foundation,  upon  which  the  sleepers 
were  placed.  The  interspaces  between  the  sleepers  were  filled  up 
with  concrete  to  the  right  level  for  supporting  4  inch  cubes.  The 
sleepers  were  laid  in  and  spiked  to  cast-iron  clip-chairs  (Figs.  20, 
3  r ),  which  were  placed  about  4  feet  apart  longitudinally  and  rested 


/ 


Fjo.  20.   First  Li \erpool  tramway.    Section  of  lail  and  sleeper,  showing 

cast-iion  chair  and  lish-joiiu.    bcale  \» 


FlO.  SI.    l-ir»i  Liverpool  tramway: — Cast-iron  chair  for  longitudinal 
sleepers,  and  cross  tie-bar.  Scale  \, 

direct  on  a  concrete  foundation.  The  gauge  of  the  rails  was  fixed  by 
bar-iron  cross-ties,  inches  deep  by  |  inch  thick,  the  ends  of  which 
were  dovetailed  into  grooves  cast  in  the  inner  side  of  the  chairs. 
The  chairs  were  6  wide  inches  at  the  joints  of  the  sleepers,  and 
.3  inches  intermediately.  The  roadway  was  nearly  all  of  macadam, 
and  the  materials  for  the  concrete  were  taken  from  the  macadam 
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which  was  lifted  to  make  room  for  the  lime,  riddled,  cleaned,  and 
mixed  with  bhie  lias  lime  ;  whilst  the  whole  of  the  surface  between 
the  rails,  and  for  a  width  of  iS  inches  beyond  the  outer  sides  of 
the  rails,  was  paved  with  Welsh  granite  sets :  4-inch  cubes  between 
the  rails,  and  sets  of  6  inches  in  depth  for  the  outer  18-inch 
spaces.  The  outer  width,  18  inches,  was  provided  in  the  Act,  and 
it  defined  the  marginal  boundaries  of  the  breadth  of  roadway  to  be 
maintained  by  the  tramway  company.  That  width  was,  and  is 
now  accepted  as  a  fair  compromise ;  and.  says  Mr.  J.  Morris, 
**  it  docs  £airly  represent  the  extent  of  possible  injury  even  which 
the  tramway  can  do  to  the  road,  and  it  is  accepted  universally 
on  the  Continent,  and  almost  universally  in  America,  and  is  the 
recognised  standard."  "^^ 

Tlie  1 8-inch  margin  is  both  necessary  and  sufhcient  for  main- 
taining the  stability  of  the  line,  when  it  is  laid  in  a  non -paved  or 
macadamised  street,  and  for  affording  a  foothold  for  the  tram* 
faoises  when  they  traverse  the  rails.  **  I  remember,"  says  Mr. 
Hopkins,  "  that  our  first  bills  were  introduced  with  9  inches  only 
outside  the  rails,  but  the  width  was  increased  to  18  inches  in 
Committee."  t 

Where  the  lines  of  tramway  were  double,  in  Liverpool,  they 
were  laid  at  a  cle.ir  distanre  apart  of  four  feet  between  the  rails, 
gi\Hng  a  "  four-foot,"  corresponding  to  the  six-foot "  of  rail- 
ways. 

The  gradients  of  the  Liverj^ool  lines  of  tramway  are  various. 
L  \  erpool  is  a  very  hilly  town.  The  maximum  gradient  is  1 
in  19. 

The  practice  initiated  at  Liverj)Ool  has  ruled  the  general  dis- 
positions of  tramways  in  other  parts  of  the  country. 

In  1869,  the  North  Metropolitan  Tramways  Company  was 
authorised  10  lay  :ranr,vavs  on  the  Whitechapel,  Mile  End,  and 
Bow  Roads ;  and  in  1870  they  were  empowered  to  lay  extensions 
to  Aldgate,  at  the  West-end,  and  to  Stratford,  Leytonstone,  and 
Bromley,  at  the  East-end.   In  1871,  they  obtained  additional 

*  Report  of  the  Select  Committee  on  Tramways  Bill,  1870. 
t  Idui, 
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powers  to  lay  tramways  iti  the  North  and  East  of  London,  which 
made  a  total  of  30^  miles  of  ttamway  authorised  to  that  Company. 
Now,  in  i89i»  there  is  a  length  of  41  j  miles  of  way. 

In  1869,  also,  Acts  were  passed  for  the  construction  of  the 
Kennington,  Brixton,  and  Clapham  routes,  from  Westminster 
Road|  by  the  Metropolitan  Street  Tramway  Company ;  and  the 
routes  from  Pimlico,  by  Vauxhall,  to  Greenwich,  by  the  Fimlico, 
Peckham,  and  Greenwich  Tramway  Company.  These  two  Com- 
panies were,  by  their  Acts,  empowered  to  construct  and  work 
tnunways  in  nearly  all  the  miun  metropolitan  thoroughfares  on 
the  south  side  of  the  Thames,  comprising  35  miles  of  streets. 
They  were  amalgamated,  in  the  end  of  1870,  as  the  London 
Tramways  Company.   In  1891,  ai}  miles  of  way  were  open. 

In  1870,  the  London  Street  Tramwajrs  Company  vrere  authorised 
to  lay  tramways  on  the  north  side  of  London,  from  Lower  Hol- 
loway  to  the  south  end  of  the  Hampstead  Road,  and  from 
Kentish  Town  to  King*s  Cross.  In  189 1, 13^  miles  of  way  were 
open. 

In  the  bq^nning  of  1873, 42  miles  of  tramway  had  been  opened 
in  the  streets  of  the  Metropolis ;  the  length  was  increased  to  61 
miles  in  1876,  and  to  130  miles  in  1891. 
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CHAPTER  I. 

GENERAL  STATJSTJCS, 

Uklf  K  the  stimulus  atVorded  by  the  rapid  sprearl  and  succesijful 
opcnition  of  the  several  systems  at  work,  Acts  were  apphed  tor 
aud  obtained,  authorising  the  laying  of  tramways  iu  many  cities 
and  towns  in  the  provmces  : — 

No.  n:  1  r  inri*-,!)-       '  Xo.  '>'  I  r  imway 

Vear.  Acts  p.i'sed.  Year.  Act»  passed. 

  1  1881  32 

1869   3       ■       1882  43 

1870  II  1883  25 

1871  II  1884   30 

1S72   13  i88^  .21 

187}  22  1886  19 

\^7A   8        '       1887   19 

187s  14  1888   20 

1870   9   18 

1877  22         j        1890   2 

1878  26     

1870  31  23)'ear».        Total  439 

1880   ..   39 

These  columns  show  a  period  of  increasing  activity  in  tramway 
legislation,  culminating  in  1880 — 82,  followed  by  a  period  of 
decreasing  activit)'.    In  1890,  only  two  Acts  were  passed. 

The  total  lengths  of  streets  and  roads  traversed  by  tramways  ir» 
the  United  Kingdom,  at  June  30,  1890,  were  as  follows : — 
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Kingdom. 


Length  of  tramway  open 


En.t,'liiu!  and  Wales  , 
Scotland  , 
Ireiand 

Totals 


Double  line. 

62-8  J 
38-00 


"^;ii:If  line. 


Mn«u     j  Mtic*. 

43^^-15  752*55 
21-59    ,   -  «4  40 

111*31 


415-21 


53305 


4826 


The  capital  expenditure  on  tramways  at  June  30, 1890,  amounted 
to  about  13^  millions  sterling,  distributed  as  follows : — 


June  30,  1890, 


!  Tramways  belonging  to 
\    Local  Authorities 


Capital  ex- 
penditure on 
linr'fl  and 

w  ork*  open 
for  ir.iinc. 

Total  ex- 
penditure on 
capital 
account. 

2,152,392 

1  

r 

2,911,419 

Length  open  for  traffic.  Xiimber 

  ot 

under- 
Double.  I  Hngle.  '  Total,  takings. 


m;ios.    Miifs.  M;irf. 

,^  ^  ,  .    ...    4^"^t).  9775  ^43  75  ^9 

Tramways  belongiDg  to 

others     .     •     .  8,215,125  110,824.350 1269-21  435-30 -04-51  129 


Total, United  Kingdom  10,367,517  1.5,735,709  415-21  533  05  94820  158 


The  capital  exi»encleil  on  lines  and  works  ojien  lor  traliir  i<;  at 
the  rate  of  about  ;^io,58o  per  mile.  The  total  expenditure  on 
capital  account  is  as  follows  for  the  three  kingdoms  sepa- 
rately : — 


June  30,  1890. 


England  and  Wales 

Scotland 
Ireland  . 

United  Kingdom 


Total  capital 
expenditure. 


C  i 
ii,i;,6.027  I 

1,366,938 

1,232,804 


Expenditure 
per  mile  open.  ( 


4 
14,800 

16,200 

11,100 


13.735.769 


1 4,500 


Showing  an  average  total  expenditure  of  ^y"i4.t:co  i»er  mile  of 
tramways  open.    The  greater  cost  per  mile  ior  Scotland  arises 
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from  the  greater  ^jropordon  of  double  line  to  single  line  than  in 
the  other  countries ;  and  the  less  cost  per  mile  for  Ireland  arises 
from  the  less  proportion  of  double  line. 

The  working  stock  at  June  50, 1890,  was  as  follows : — 

27,719  horses,  or  .      .      .      ,  pirmiieapen   29  27 

575  locimiotives  ....  "61 

28,294  norses  and  locomotives    .  29*88 

3,801  cats   „  4-01 

Horses  and  locomotives  per  car  7*44 

The  numhr-r  of  miles  nin  by  airs  iluring  the  y<£xx  ending  June 
30,  1S90,  amounted  to  65,174.955  miles;  and,  taking  the  mean 
number  of  cars  for  the  year  at  3.723,  the  mileage  run  per  car 
averages  17,506  car-miles  tor  the  year,  or  4S  miles  per  car  per  day, 
a]lo^\  ing  365  working  days  in  the  year ;  against  44  in  the  year 
1879 — So. 

Taking,  again,  the  average  number  of  horses  tor  the  year,  at 
27.390  hor>es,  or  13,695  pairs;  and  ot'  locomotives  at  557  ;  these 
give  together  14,252  pairs  of  horses  and  locomotives,  running 
4,573  miles  in  the  year,  per  pair  of  horses  and  per  engine,  or  12-5 
miles  per  day,  against  11  miles  in  the  year  1879 — 80,  A  slight 
abatement  in  tiie  average  is  «.iue  on  account  of  one-horse  cars 
employed. 

The  gross  receipts  for  the  year  ending  June  30,  1890,  amounted 
to  ^3,214,743,  and  the  expenses  to  ;^2,402,8oo,  or  75  per 
cent.,  leaving  the  net  receipts  ^811,943.  Taking  the  capital 
eicpenditure  for  the  year  on  lines  and  works  open  at  ^^10,32  7,51 7, 
the  proportions  of  earnings  and  expenses  are  as  follows.  The 
proportions  for  the  year  to  June  30^  1880,  are  added  for  com- 
parison ; — 


1  Y««toj««3o,.mK».  , 


Gross  receipts 

31-1  per  cent,  of  capital  expenditure 

■  26-0  percent. 

Expenses 

^3'3                  •*  >• 

Net  receipts  . 

7*8      It           »»  »» 

'  4-6 
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In  Table  Na  t,  jmoexed,  afe  given  in  summary  the  capital  cost, 
receipts,  expenses,  and  working  stock  of  tramways  in  the  United 
Kingdom  for  the  years  ending  June  30,  1878,  1882, 1884, 1886, 
i888»  1889,  and  1890. 

In  Tid>le  2  are  given,  for  each  tramway^  the  capital  expenditure, 
and  the  lengths  authorised  and  open  at  Jmie  30, 1890. 

In  Table  3  are  given  the  receipts,  working  expendimre,  and  stock 
of  horses,  locomotives,  and  cars  for  each  tramway,  at  June  30, 
1890,  with  number  of  passengers,  and  car*mi]es  run. 

The  contents  of  these  three  tables  are  derived  from  the  Tram- 
ways Rdum^  1890. 

In  Table  4  is  given  the  working  expenditure  on  the  whole  of 
the  tramways  of  the  United  Kingdom,  for  the  year  ending  June 
30, 1890,  abstracted  from  Table  3,  with  the  percentage  proportions 
in  parts  of  the  total  expenditure.  The  corresponding  expenditure 
for  the  year  ending  June  30,  1880,  are  added  for  comparison. 
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Table  No.  3.— Rbcbifts,  Working  Expenditure,  and  Stock  of  Trau- 

ENGLAND 


Nam«  of  tramwajr. 


Accrinsrton  Corporation 
Haslingilcn  Extention. 

Alford  and  Sutton 

Barrow-in-Furncs-* 

Barton,  Ecclc»,  Wint<in,  and 
Mntitiiu  I. oca!  Hoard. 

li.ith  ..... 

Hh'»;<i.i!r  .iiid  Stockport 

liirLcnlu  .1(1  .... 

Binnin^ham  asd  Aston 
Birmtn^haa  Cofporatlea 

(po^tlon^. 

iiirmint;)' c      and  Midland 
BitMiiDKlian  Cofpontioe 
.  (poruoo). 


Binaiaghaai  Ceatnl  . 

Birmioy;ham  Corporation 
(pottion). 


Birni 

Blarklun  ti  .if.ii  <  »v.-r  1  *.irwrri 
151. i<  klnirn  (    m     .t  ,(t  i'<ii 
1(1.11  kpuol  Corporation 
Ilohoii  and  SomulMUi  . 

l'.'-otl.-  .... 
i-lr.iiitori!  .i;nl  S!i<-!i' 
Bradford  Corporation  . 

r,r.iJf<:.i.l  .m,:  Shelf  . 

r»retitfi>r(l  .ini!  1  >istTict  . 
Hri^;h!(ln  -mi!  '^lioroh.ini  (for 
tticrly  ltr:^;htcn  Ilii'.ritt). 
Hnsto!    .       .       .  . 
r.urnlt'y  .inci  District 
r.i;r\',  K<K  hdalc, and  OMham 
Oldbam  Borough  (portion) 
Cambrid««S<nMt. 
Cardiff  •      .      •      .  _ 
Cardiff  Districts  Fnartll 
Harbour. 
C  .-irdiff  Diatrfet  aod  PaOAItk 

Harbour. 
Ch— ham.    Boxotoor,  and 
HmmI  Htmpttead. 


1^887 


x.88o 

Traniw-'i 
Tramwa 


25. ai* 


ao.tt6 


35.571 

i.7S4 
4*>54* 


WorkioK 


c  2  . 


I. 

2  t 

o  ; 


yclosed 
ylcsawHl. 


No  ri'tvi  rn  rocci 
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No  retu 
i.3«J 


3C4 


OS ' 
48,; 
178 


WOO 

^,678 

Cable 
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*^ 
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£ 

Compa 
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c  o 


«  2 
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ved. 


603 
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y  leased. 
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1  lainw  i  y  lo.'i"ied 
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85 
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173 
984 
6it 
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74; 
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1,80;, 

Xot  ope  n  for  tra  flfic, 
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».370 
«.«7« 

S>3 

7«9 


1,798 
X4»90i 


183 


'■'^'1     -^--^^  «8i«^ 

dud  tu  "  Hirminj^  hlnlBIlT^ 
X05  t,4to 
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:?M     ••  i.iSj 

...     ,        l.cy  6;c  .\.j6l 

inclujiled  in  "  T.iverpo  ol  Cor- 
ford  a  nd  ShcH  IraiBwa  jfaCom* 


inrlu 
1,26; 
5tl 


900 
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1.37a 
5,oo« 

••• 


Tfsmws  jr  «adu|d  by ^[vincia  lThuBw|ayi  Coai|paB7, 
No  rata 
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Table  No.  3. — ENGLAND 


Naaae  of  tramway. 


C'hestorfielJ    .       .  , 
Coventry  ;in<l  Dtstrirt  . 
Crc\<!(>n  (turmerly  Croydon 
and  Nonvood), 

Dorbv  .... 
I  >.  wsbury,  ll.itl.  v.  )k  iJir^t  . 
Mrypool  and  Martlcft  . 
Diuilcyand  Kingiwinford 
Dudley  and  Stourbridge 
Dudley.  Sedgl^,  h.  IKrolvar 

bampton. 
Exeter  .... 
FUmboiouffh  Head 
F*Ikeslotie,8andgat«  &  H  yth  i 

Gateshead  and  Dittrtct 


Qkmcatter 


Gosport,  Alventoke,  &  "Boxy 
Cross. 

Gravesend,  RoaherftllA,  aac 

Northflcct. 
Great  Gritniby. 
Harrow  Koad  It  Paddington 
Hartlepools  ... 
Hif^to  Hill     .  . 
Hudoersfield  Corporation 
Hull  Street  . 
Ipswich  .... 

Lant  asti  r  and  District 
Lea  I^n(i^;,•,  Lqrtoo»  fc  Wal- 

tbamstow. 
Leamiocton  aod  Warwick 


Leeds  ContoratioB 
Letcfster 

Lincoln  .... 
Lincoluhire  . 
I4verpool  Corporation  . 

fiootir  Corpcr.itiofi  . 
Walton  l.f>r,.l  Hoard 
Wavertrc-  T.otai  Hoard 
West  Derby  Local  liuarc 
Llanelly.      •      .  t 
London  .... 
London,  Cambenretl,  It  Dul' 
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Tabls  Xo.  5.— ENGLAND 
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STATISTJCS  OF  TRAMWAYS, 


Table  No.  3  {coHtinutd}. — 
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Table  No.  4.— Total  Working  Expenditure  on  all  the 
Tramways  of  the  United  Kingdom  for  the  Years 

ENDING  June  30,  1890,  and  June  30,  i88o.* 


IT  or  ycskT  cuQing;  j  unc  jo. 

  ■ 
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 —  — 

.„  - 

1880. 

Woricbg 
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open. 
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luro. 
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mile 
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(table*,  and  sheds) 

40^078 

4« 

1*67 

tio 

3<H 

Ratea,  taxes,  and  turn- 

pike tolls  

7t 

108 

3'57 

Compensation     for  per- 

i'o6 

28 

stuial  injury   

27.97a 

29 

10,245 

Leifal  and  parliamentary 

9,341 

10 

•38 

43 

1-42 

Sundiy  m*  •»«  •.. 

80,741 

86 

3-j6 

45.">5i 

"J 

4-07 

Tolali  „. 

«,40t,8oo 

a.535 

100*00 

r,ii},094 

3*««4 

100*00 

In  1869 — 71  the  North  Metropolitan  and  the  tramways  consti- 
tuting the  London  Tramways  Company  were  authorised  to  lay 
various  lines  in  the  north,  south,  and  east  of  London.  In  the 
beginning  of  1873  a  total  length  of  42  miles  of  tramway  had 
been  opened  in  the  streets  of  the  metropolis  ;  the  length  was 
increased  to  61  miles  in  1876,  and  to  120  miks  in  1891. 

Acts  were  applied  for  and  obtained,  authorising  the  construction 
of  tramways  in  many  cities  and  towns  in  the  provinces ;  and  at 
June  50, 1S92,  the  lengths  of  line  open  for  public  traffic  were: — 

Miles  (jpcn, 
June  y>,  1893. 

England  and  Wales  750 

Scotland  S4 

Ireland  112 

United  Kingdom  946 

*  For  the  Total  Working  Expenditure  for  the  year  ending  June 
30,  1893,  see  Appendix  C  (p.  729). 
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Nearly  1,000  miles,  or  an  avtrai^c  01  43  miles  per  year  for  twenty- 
ti»o  years.  From  this  remarkable  expansion  of  tramwviy  lines  to 
meet  the  wants  of  the  public,  one  is  prepared  to  find  that  tramway 
conveyance  has  been  correspondingly  developed.  It  has  been 
«igrimat»a  that  in  Limdoii  alone  300,000,000  of  tramway  pas- 
seogen  were  conveyed  in  the  year  1891.  The  rdative  importance 
of  this  vohime  of  txaffic  is  indicated  by  the  following  gioss 
totals: — 


Metropolitan  Traffic  i—Passengeks,  1891. 

327  millions. 

200 
.  200 
50 


R  lii  vay  passengers 

Omnibus 
Tramway 

Cab  and  steamer  passengers 


Toul 


777  millions. 


Showing  that  upwards  of  one-fourth  ot  the  whole  metropolitan 
passenger  traffic  was  conveyed  by  tramways :  a  traffic  which  has 
sprung  into  e»stence  in  the  course  of  about  twenty  years. 

Nevertheless,  there  are  signs  of  an  abatement  of  the  expansion 
of  traffic  in  the  tramway  systems  itf  the  country,  taken  together, 
in  the  following  returns  for  the  years  1891  and  1892 


1 

Year  cn^K  .... 

loCfMM 

Jttoe  30,  z89i< 

Jiam^  189*. 

or 

Per  cent. 

1  Total  capital  expended  . 

;^i4,i62,650 

;^13,S70,2J4 

—  a*o 

Lenffh  of  line  open  for  public 

963  miles 

946  miles 

-  rS 

Number  of  horses  .  , 

29,012 

29,699 

+  2*3 

Number  of  locomotives  , 

579 

534 

-  7-8 

^  Number  of  cars 

1  Total  number  of  passengers 

4,067 

4.020 

-  I'l 

carried  .... 

565,621,478 

581.678,546 

+  2-9 

Number  of  miles  run  by  cars  . 

70,0 1 8,305 

+  3-0 

Gross  receipts 

;^3.429,68o 

+  yo 

Working  expenses 

;^2,630,929 

;^2»853,356 

+  8*4 

Do.  per  cent,  of  gross  receipts 

^76-5 

8o'8 

Net  receipts  .      •      .  . 

;^798.577 

-  iS'O 

1  Do.  per  cent,  of  grass  receipts 

23'5 

I9'2 
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In  this  statement  it  appears  that  though  the  car  mileage  run, 
the  number  of  passengers,  and  the  gross  receipts  in  the  year 
ended  June  30,  1892,  were  greater  than  in  the  previous  year, 
yet  there  was  a  reduction  of  the  net  receipts.  There  was  actually 
a  decrease  of  17  miles  in  the  length  of  line  open  for  public  traffic 
The  number  of  horses  is  somewhat  laiger,  but  locomotives  are 
fewer  by  forty^fivc  and  cars  by  forty-seven.  The  amount  of 
capital  has  also  shrunk :  by  transfer  of  old  undertakings  to  new 
with  reduced  capital. 

The  tramways  of  London  taken  togetlier  supply  instances  01 
very  various  lengths  and  costs.  They  embrace  a  total  length  of 
over  130  miles,  of  which  127  |^  miles  were  open  for  tratiic  ai  June 
30,  1891,  as  detailed  in  the  following  Table,  No.  5: — 
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CHAPTER  II. 


CAPITAL,  RECEIPTS,  &  WORKING  EXPENDITURE 
OF  THE  NORTH  METROPOLITAN  TRAMWAVS. 

Th*  North  Metropolitan  Tramways  is  the  largest  system  in  the 

United  Kin^^doni,  49  miles  in  length;  next  in  order  of  length 
being  the  Bury  system,  33^  miles,  the  Dublin  United,  about  33 
miles,  and  the  Gla^ow  Coq)oration,  about  30]  iuUcs  ui  length. 
The  recei])ts  are  one-fifteenth  oi  tiic  total  receipts  tor  the  tram- 
ways of  the  United  Kingdom.  The  North  lSlcLroi>oliian  was 
opened  on  May  9,  1870.  The  horse  power  was  hired  from  the 
l^ondon  General  Omnibus  Company.  The  sum  of  6fd.  per  mile 
run  by  cars  was  paid  for  horse  hire,  which  included  the  cost  for 
maintenance,  wear  and  tear,  and  renewal  of  horses,  wages  of 
keepers,  rent  of  stables,  and  harness.  In  short,  as  Mr.  Hopkins, 
the  engineer  to  the  Company,  briefly  put  it,  the  horses  were 
brought  to  the  cars,  harnessed,  and  worked  for  6i'd.  i)er  mile  run. 
This  contract  was  terminated  at  the  end  of  June,  1878,  when  the 
Tramway  Company  commenced  to  ^v(nk  the  traffic  with  a  stock 
of  horses  of  their  own.  Under  the  contract  each  car  on  duty 
generally  performed  70  miles-run  per  day,  and  re(|Uired  an  active 
stud  of  eleven  horses,  of  which  five  pairs  were  on  duty  with  the 
car  daily,  leaving  one  spare  horse.  By  the  terms  of  the  contract 
each  pair  of  horses  was  not  to  work  less  than  14  miles  nor  more 
than  16  miles  in  one  day.  For  five  pairs  of  horses  the  mileage 
traversed  was  from  70  to  75  miles  per  day,  or,  for  5^  pairs  of 
horses,  12^  miles  per  pair  per  day.  Horses  were  put  to  the  work 
at  five  yeais  of  age,  and  the  "life  "  of  a  horse  on  tramway  work, 
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accordiiig  to  Mr.  A.  G.  Church,  who  was  Secxetaxy  and  Manager 
of  the  Omnibus  Company,  was  four  years. 

The  state  of  the  total  capital  expenditure  at  the  ends  of  the 
thxee  yeais  1889,  2890,  and  1891  was  as  follows,  showing  an 
eipenditare  at  the  rate  of  upwards  of  ;£3i»ooo  per  mile  open  ^^ 


Capital  Expenditure,  laBy— 1891. 


i 

Miles  Lands, 
CMS  at  buildings, 
Dec.  31.  Ikc. 

Working 
ftodt. 

Total. 

Total  per  i 

1880 
1  >«9^ 

41  1,127.153 

41  M74.7" 
49  1,213,014 

60,^50 

62,830 
66,430 

116,083 

124,791 

133*032 

£, 

«, 304.686 

1,412,476 

i 

33.227 

In  October,  1891,  the  purchase  of  the  North  London  Tram* 
ways  by  the  North  Metropolitan  Company  was  sanctioned  by  the 
shareholders,  so  bringing  up  the  woridng  length  of  the  system 
from  41  miles  to  49  miles. 

The  way,  49  miles  in  length,  was  double  line,  with  the  esLoep* 
tion  of  4f  miles  of  single  way,  at  the  end  of  1891, 

The  retnni  of  working  stodt,  as  at  Deoemb^  31, 1891,  was  as 
follows : — 

Rolling  Stock  and  Horses,  December  31,  1891. 
Fully  equipped  street  cars  to  carry  52  passengers  each    .  35 


,t  »,  46  »,  .27* 

„  .,  40  „  ■  63 

»,  »»  *o  I,  '4 

  376 

Omnibuses  to  carry  26  passengers  each   12 

Carts,  traps,  vans,  and  trolleys   64 

Water-carts   25 

i'ocage  vans   10 

Brakes   a 

Horse  conveyances                                      ...  3 


Total  rolling  stock  491 

Horses  3,587 
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It  appears  that  much  the  greatest  number  of  the  cars — 72  per 
cent — ^were  constructed  to  cam  46  i)assengers  each.  Next  in 
numerical  order  are  the  cars  for  holding  40  passengers — i6i  per 

cent. 

The  number  of  cars  per  mile  open  was  7*67. 
The  numbers  of  cars  in  good  order  and  under  repair  in  the 
three  years         91  were  as  follows : — 


Cars  m  1889-91. 


Your. 

In  food^Mrder 
«t  D«e.  31. 

Under  repair      i      Total  to 
atDec.  ji.             Dec.  3t.  | 

1889 
1890 
1891 

322 
336 
355 

20  342 

16  352 

21  376 

Averages 

338,  or  947  7« 

19'  or  5-3  %  357 

Ten  years  earlier  88  })er  cent,  of  the  existing  stock  at  that  time 
were  in  good  order,  and  12  per  cent,  were  under  repair.  Twenty 
cars  were  purchased  at  the  rate  of  ^150  each. 

The  stock  of  horses  required  to  work  the  traffic  numbered  3,587 
at  December  31,  189 1  ;  or  at  the  rate  of  73*20  horses  per  mile 
open.   The  disposition  of  the  horses  was  as  follows : — 

HORSBS  AT  THB  EKDS  OF  THE  LAST  SIX  HALF-YEARS  TO 


December*  1891. 


1 

End  of 
lialf«7ear. 

lo  ffood 
eonditioe. 

Sick.  1  Lame 

Total. 

Died  in 
t-yoar. 

Sold  in 
i-year. 

To- 
father. 

June,  1889 
Dec,  1889 
<  June,  1890 

!  Dec,  1890 
1  june,  1 89 1 
Dec,  1891 

3,027 
2,963 
3.239 
3.147 

3.444 
3.386 

21  lOl 

58  105 
24  83 

97  III 
60  86 

59  142 

3.149 
3,126 

3*346  1 

3.355 
3.590 
3.587  1 

118 
i;6 
156 
314 

243 
315 

123 
115 

134 

109 

69 
95 

241 
291 
290 

323 
312 
410 

Averages 

3.201 

53   1  105 

3.359  1 

204 

107 

3" 

It  is  seen  that  of  the  average  total  number  of  horses,  95*3  per 
cent  were  in  good  condition,  and  4*7  per  cent,  disabled :  say,  in 
round  numbers,  95  per  cent  and  5  per  cent  respectively. 
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With  respect  to  renewals  of  horses  it  may  be  taken,  for  purposes 
of  calculation,  that  the  horses  provided  for  the  augmentation  of  the 
stock  in  the  course  of  the  three  years,  from  3,149  to  3,587,  by  438 
horses,  lived  through  this  short  period ;  and  on  this  assumption 
the  total  deaths  and  sales  of  horses,  as  shon-n  in  the  statement, 
I9867  in  number,  are  to  be  charged  to  the  normal  number  of 
horses,  3,149-  They  make  59  per  cent  of  this  number  for  three 
years'  work,  or  30  per  cent,  per  year.  At  this  rate  the  stock  is 
entirely  replaced  in  the  course  of  five  years,  indicating  that  the 
working  life  of  the  stock  is  five  years.  Four  hundred  and  seven 
horses  were  purchased  at  the  average  rate  of  ^36  los.  each. 

The  miles  run  by  cars,  the  receipts,  and  the  number  of  passen- 
gers are  stated  in  the  following  tablets 


Miles  rcn.  Receipts,  rA>>ENGhk^,  in  ihe  Xhree  Years 

1889 — 1091. 


f 

Year. 

Mil««  ran 
by  c«>«. 

Receipts 
from  traffic. 

Suodr)' 
rccoipls. 

Total 
receipu. 

Percent. 

of  capital 
expended. 

I"  '  " 

1889 

1890 
'  1891 

7,101,107 
7.366,668 

7»5*3*679 

c 

3«o,497 

399.(^Q9 
4H»3«3 

12,716 

14.986 

'^»»5i5 

C 

393.213 
414,685 

430»^^2*^ 

Per  cent. 
30- 1  1 

304 
305 

1 

ft 

Vnr. 

Average  length 
•f  wayofien 

Receipts 
per  averiige 
miloopcfk. 

KtcciptS 

per  mii«per 
%raek. 

Receipt* 
per  car. 

Receipts  per 
nile  run. 

,  18M9 

;  1890 

!  Miles. 

4« 
4« 

45 

i. 

9,280 

9.749 

9.207 

ir8'5  1 

187-5,  : 
177*00 

1,113 

1,136 

1,102 

d. 
1285 

131 

1315  1 

1  Year. 

Xumbtr  ^  Passeogers* 

Receipts  from  pasacaRcr*. 

Total. 

pier  car. 

Perinile  ■ 
ran. 

Total. 

Per 

pas.sengtT. 

[■■  -■ 

lJ*89 
1800 
1891 

66,458,568 
72,061,532 

75.323.550 

194.323 
204,720 

200,529 

10*05 

1 

£ 

399.699 
414.313 

d. 

274 
2*64 

2*64 
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The  working  expenditure  for  the  three  yean  1889—91  is  given 
in  the  annexed  tablet.  The  last  two  cdimms  are  added  to  show 
the  several  expenses  in  parts  of  the  total  expenditure  in  1891,  with 
the  costs  per  mile  nin  by  cars  for  each  itent 


Working  Expenditure*  1889—91. 


1  ^r'  r  t  r  v<  ^9  — 
1    1  IJ  'I 

Itcou 

18B9. 

1891. 

tional  |>art^ 
of  total 

£xpcndi* 
turepcr 

 ■- 

expendi- 

1  mile  run. 

1 

— — - —  1 
Direct  ExPENDirrRB. 

c 

£ 

£ 

PM-CMlt. 

Running^  expenses: — 

130,226 

160,244 

Horsing 

137,250 

r 

1  46-34 

4-85 

Wages  of  drivers 

and  pole-shifters 

3^.374 

34780 

38,004 

12  56 

I'2I 

Repair  of  cars 

10,732 

10,1 14 

» 0,545 

3'55 

•33 

Maintenance  of  way 

25*172 

29,369 

25,090 

8-50 

1  *8o 

ironic  cn^ripcs  « 

53.861 

60,0^6 

17^5 

•?6 

Lrcnerai  cnargcs  « 

9»02I 

9.4  P 

11.307 

3  59 

30 

Kent     •      •  . 

2,910 

2.852 

Direct 

250,080 

308,148 

93 '33 

'    9*55  1 

Co.VTIKntXT  ExPBNDtTURK. 

Rates  and  taxes 

10,609 

»o.9ii 

.  i3»»79 

394 

•4a 

Licenses  and  excise 

■ 

duties  . 

>»s>35 

970 

'  983 

•29 

!  -03 

Compensation  and 

law  charges . 

9.79» 

7.951 

.  8.504 

244 

I  '27 

Contingent 

18,635 

»9'854 

22,666 

667 

1  *7« 

ToiAL  ExP)iN:);Timi 

277,315 

! 

330,814 

100*00 

I0'27 

Do.  per  mile  open  . 

6,764 

7.263 

7>35i 

I 

d. 

d. 

Do.  per  mile  run  . 

9'39 

S-34 

io'37  j 

- 

Do.  per  cent,  of  re- 

ceipts .  • 

r 

70-567c  ' 

7179^; ! 

76  W/^  1 

The  comparatively  high  rate  of  expenditure  in  189 1  was  due  to 
the  rise  in  ^e  price  of  forage,  increase  of  wages,  and  un^vourable 
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weather.  The  lunniiig  expenses  for  the  last  half-year  are  detailed 
as  follows 

Running  Expbnsss,  Halt-year  Dbcsuber,  1891. 


Maixe  . 

9. 

8,92$!^  quarters  %  28 

C 

Oats  . 

16,695 

«  17 

iq\ 

14,906 

Beans . 

Sf 

Bran  . 

1,230  cwts. 

m  5 

0 

354 

Peas  . 

2,604^  quarters  @  32 

oi 

4.173 

Hay  . 

2.829^  loads 

%  66 

Straw  . 

8ioi 

H 

1,408 

1.339 

637 

47»«>3  - 

2*89d. 

Stable  wngc-;  .Trid  expenses  , 

16,481  — 

1*01 

Granary  wages  and  expenses 

2.943  = 

o-i8 

Repairs  to  harness 

•            •  • 

1,448  = 

009 

Shoeing 

•            •  • 

3.123  = 

0*19 

Horse  depfeciaticm  and  renewal . 

14,209  =a 

0*87 

Electric  haulage  . 

■            >  » 

879  = 

o'05 

86,088  = 

5 '3 1 

Drivers  and  pole-shifters'  wages 

• 

m 

21,013  = 

1*29 

107,101  « 

6^ 

The  item  of  horse  depreciation  and  renewal  is  constituted  in 
this  way : — ^The  loss  on  315  deaths  was  ;f  11,683,  less  the  amount 
received  for  carcases,  £474;  say,     12,209.  ^^^^  9$ 

cast  horses  sold  was  ^3»523»  less  jCS^S  ^  "scrap  value,"  the 
net  amount  received  for  the  same,  leaving  ;£3,ooo.  The  sum  of 
the  losses  is  ^14,209  for  410  horses. 

The  receipts  for  manure  during  the  half-year  were  ^£51  a,  and 
deducting  this  sum  fiom  the  cost  for  forage,  leaving  ;f  46,491,  the 
boning  expenses  per  horse  are  as  follows,  taking  for  divisor  the 
mean  of  the  numbers  of  horses  at  June  30  and  December  31, 1891, 
saj*  3*S^9  boises 
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Horsing  Expenses  per  Horse  pek  Week  in  Half-year 

December,  1S91. 


Per  hone. 


Provender  • 
.  Stable  wages  and  expenses 

Granary    „  „ 
I  Repairs  to  harness 
I  Shoeing      .       .  . 
i  Loss  by  depreciation  and  renewals 


£  %,  (X. 
12  19  I 

4  II  10 

.  I  o  16  4 
.  !  087 
•  I    o  17  5 


».  d. 
9  11^ 
3  6' 
7\ 

8 

^  o 


Total  actual  cost 


23  12  5     t8  s 


Showing  that  the  cost  for  horsing  was  upwards  of  jQzt,  in  tlic  lialf- 
year,  or  £,^"1  in  the  )'earj  per  horse,  or  iSs.  per  week  per  horse. 

With  respect  to  the  cost  for  repair  and  maintenance  of  cars, 
particulars  of  which  with  mileage-run  are  subjoined,  it  appears 
that  the  average  annual  mileage-run  is,  say,  20,000  miles  per 
car,  or  57  miles  per  day ;  and  that  the  average  annual  cost  for 
maintenance  and  repair  is  about  ^30  per  car,  or  '34d.,  say  ^d., 
per  mile  run. 

MiLBAGE-RtJN  AND  REPAIR  OF  CARS,  1 889  -91. 


Year. 

Average 
munber  of 
can. 

• 

Mileinia  bgrcan. 

Coat  for  reikairs. 

ToUl. 

Per  car. 

TotaU 

Per       Per  1 
car.  '  SDilo 

run.  1 

18S9 
1890 
1891 

Can. 
338 

347 

36b 

Mile*. 

7,101,107 
7,366,668 

7.523.879 

Miles.  Blilet. 
21,009  57-55 
21,229  5816 

20.557  ,56-32 

i 

10.73^ 
lo.i  14 

10,545 

£  Pence. 
3138  -36 

28-73  '33 
28-04  '33 

Averages 

20,930  57*34  I  — 

29-38  -34 

With  respect  to  maintenance  of  way,  of  which  particulars  of  tost 
are  given  in  the  annexed  tablet,  the  way  has  been  and  is  in  course 
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of  leconstnictioti  wiUi  sted  girder  rails,  and  these  expenses  are 
talnn  as  fairly  measuring  the  cost  for  maintenance  and  renewal  in 

perpetuit)'. 


MAINTENANCE  ANB  RENEWAL  OP  WaY,  1889— 9I. 


Year. 

1 
1 

1 

Arcnc* 
]«aglb«pea. 

Co«t  ibr  nftintenaaoe  And  raneinU  of  wftr* 

• 

Toul. 

Per  mile    ,  Per  sq.  yard 
of  «a]r.    I    of  wajr.* 

Per  mile  run 
bjcart. 

1889 

'  1891 

Bfilet. 

4» 
41 
45 

£, 

25,172 
29,369 

25,090 

£  Peace. 

614      I  1475 
716  17-18 

i  13-39 

Pence. 

•85 

1 — - — \ 

629  t5*xi 

•86 

*  AUowiag  io^«oo  tqnat*  yatd*  per  lineal  mile. 


It  thus  a])pears  that  the  cost  for  maintenance  and  renewal 
averages,  say,  ^£630  j^er  mile  i)cr  year,  or  151!.  per  square  yard  of 
way,  OT  •86d.  or  ^d.  per  mile  run  by  cars. 

The  Barking  Road  section  of  the  tramways  has  been  worked 
since  the  middle  of  1889  by  electric  traction,  under  a  contract 
made  with  the  General  Electric  Power  and  Traction  Company, 
who  \\  ork  the  line  at  a  charge  of  4M.  per  mile  run,  m  which  the 
wages  of  drivers  are  included.  The  Barking  Road  section  is  a 
short  single  line  of  way,  with  loops,  requiring  only  a  low  mileage- 
run  wttli  a  small  number  of  cars.  It  does  not  offer  such  facilities 
for  economy  of  working  as  would  be  available  on  a  longer  line. 
Emi  so,  die  given  rate  is  less  than  the  average  cost  per  mile  for 
horse  traction.  At  the  end  of  1889  the  electric  cars  had  run 
34,366  milesy  having  cairied  469,095  paf>sengers.  In  the  year 
1890  they  lan  77,841  miles,  and  in  1S91  they  ran  76,398  miles. 
They  ceased  running  in  1892.  There  were  five  electric  cars» 
which  ran  300  miles  daily,  or  60  miles  per  car,  with  one  change  of 
accumulators. 


CHAPTER  III« 


CAPITAL,  RECEIPTS,  AND  WORKING  EKPENDI- 
TVRE  OF  THE  LONDON  TRAMWAYS^ 

The  London  Tramways  were  opened  in  1871.  The  hoising 
waf;  done  by  the  Company  themselves,  except  the  horse  power  for 
the  Brixton  and  Clapham  lines,  and  for  other  services,  which  was 
supplied  by  the  London  General  Omnibus  Company  until  the 
middle  of  1873,  when  the  Tramway  Company  proceeded  to  horse 
the  whole  of  the  traffic  themselves. 

The  amounts  of  capital  expenditure  are  stated  for  the  three 
years  18S9— 1891,  as  follows : — 


Capitai,  Expenditure,  1889—91. 


] 

'  Yeaw. 

If  iles  open 
at  December 
3>- 

Capital  Mpcnditan  at 

DcMBber  jt. 

ToUl. 

1 

Per  mile. 

i88q 

21^ 

27.448 

1890 

22} 

036,580  , 

28,610 

189'     j  j     735.364      I  32.504 


The  details  of  the  adjusted  expenditure  on  capitai  accouDl  aL 
December  31, 1S91,  are  as  follows : — 

Capital  Expenditure  at  December  31.  1891. 

Per  mile. 

C  £ 

Irani  ways  opened  for  traffic  .  334.360  or  14,778 
Property  and  buildings  .  .  2o8,3;8  9,210 
Rolling  stock  54iSOO  2,396 
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Horses  and  mules 

C 

Per  mile. 

c 

117.334 

or 

Machinery  and  plant 

16,130 

1 » 

713 

Harness  and  equipments  . 

3.765 

»» 

166 

Office  funutare . 

644 

1* 

29 

AdvcitistDg  plant 

551 

»> 

735»362 

If 

The  stock  of  cars  and  omnibuses  was  as  follow.",,  .showing  that 
the  one-horse  cars  were  not  increased  in  number,  whilst  the  number 
of  pair-horse  cars  was  increased  about  30  per  cent. : — 


Cars  and  Omnibuses. 


Dec 
juae, 

Dec. 

Dec. 


Ac 

Pkir-kofie 

CM* 

Ooe>hone 
can. 

Omftiba«ct. 

Total. 

201 

24 

29 

254 

206 

24 

29 

2.S9 

1890  . 

230 

35 

37 

293 

233 

25 

J/ 

29^ 

1691  . 

238 

2.^ 

3S 

301 

a5« 

25 

37 

320 

HuK.sfcs  AND  Mules. 


At 

Hor*^»  and 

Added  duritiK 

f',.ilf-jear. 

Unfit  for 
uork. 

June,  1889  , 
Dec. 

June,  1890  . 

Dec  

June,  1891  . 

3,706 

2y840 

3. 211 

3,226 

3»45i 

307 

351 
611 

301 

3" 
39a 

195 
217 

240 

286 

228 

42 

132 
84 

71 

Average 

• 

3»I20 

379 

236 

82 

On  the  basis  of  a  stock  of  2,706  horses  and  mules  in  June, 
1S89,  ^  explained  in  the  preceding  chapter,  it  appears  that  236 


1 
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per  half-year,  or  472  per  year,  were  sold  antl  renewed  out  of 
"additions,"  and  the  average  life  thus  indicated  was  (2,706 -J- 
472  =)  57  years. 

The  miles  run  by  cars,  the  receipts,  and  the  niunbers  of  pas- 
sengers, are  subjoined ; — 


Miles  run,  RfiC£iPTs,  and  Passengers,  1889^1. 


Year. 

Miles  run 

bv  '  ,ir"i. 

Receipts 
from  traffic. 

Siinclr>' 

Total 

receipts. 

1 

Per  cent.  | 
of  capital  ' 
expended. 

1889 
1890 
1891 

6,468,224 
7.248.591 

7»755.«98 

£ 

280,418 
312,098 
312,767 

3.036 

4.364 
4,819 

£ 

283.454 
316,462 

317.586 

per  cent  { 

48-9 

51-4 

48d 

Year. 

Average 

length  (»t 
way  open . 

■  Receipt*  per 
average  mile 

Per  roilc 

per  week. 

Per  car. 

Per  mile 

nin . 

1889 
1890 
1891 

Miles.  ' 

20| 

21H  1 
22 /ff  ! 

£ 

13.743 
14.415 
H.154 

277-2 
272-2 

£ 

r,i05 
1,023 

d. 
1036 
10-45 

9-77 

I89I 

Receipts 

\  per  car  on  duty  (average  303)  =    i  ,032. 

Year. 

I 

Number  of  paiteo^crt. 

'Reeelpte  from  pauengem.' 

TotiL  ' 

1 

Per  car. 

Per  mile 
run. 

Total. 

Per  pas-  ' 
i«ag«r.  ! 

1889 

1 

57.787.921  ' 

225.294 

8-96 

£ 

280,418 

1890 

62,584,016 

213,232 

8-48 

312.098 

1-19  1 

^  189I 

63,588.485 

204,793 

8-i6 

312,767 

1-19 

Number  of  passengers  per  car  ntnoing  (a  v.  303)  =  209,863 
Do.  per  car  per  day  of  305  »•  575 
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The  working  expenditure  for  the  three  years  1889-91,  here 
annexed,  is  given '  according  to  the  classification  of  accounts 
fol  lowed  by  the  tramway  company.  The  statement  is  here  followed 
by  abstracts  of  the  horsing  expenses  and  the  traffic  expenses.  The 
wages  of  drivers  and  pole*shifters  are  charged  as  trafiic  expenses, 
not  running  expenses,  as  is  done  by  the  North  Metropolitan 
Company. 


Working  £xp£NI>itur£,  1889—91. 


Items. 

1 
1 

1889. 

1890. 

1891. 

Propor- 
tional 
parts  of 
toUl  ex- 
pendi- 
ture. 

1 

fcjipen- 
diturc  • 
per  mite, 
nn.  1 

Horsing  expenses  . 

c 

I 

C 

per  cent. 

 ■    '  1 

Pence. 

103,222 

116,037 

•33.058 

50'39 

409 

Traffic  expenses  , 

71,264 

80,791 

1  90.929 

3476 

2*09 

General  expenses  . 

7.861 

6,096 

2*66 

•24 

Rates  on  way 

1,681 

2.057 

2,044 

78 

•07 

Repairs  and  renewals  . 

30.949 

30,283 

29.438 

I0*Q9 

•96  1 

Income  tax  . 

1,656 

1,626 

1,058 

•42 

•03 

Totals 

Do.  per  miie  open 
Do.  per  mile  run  . 
Dol  per  cent,  of  receipts 

216,633 
10,503 

8*02<^. 

7o7o 

236,890 
10,796 

7'83</. 
74T 

264,243 
1 1,804 
807^^. 

«27, 

lOO'OO 

7'44 

i 


Horsing  Expenses,  Half-year,  Decemijer,  1891, 


d. 

c 

Maize . 

10,058^  quarters  (0  29 

3 

14.711 

Oats 

8,966     „      %  21 

9,810 

Beaos 

7*  @35 

3l 

127 

Peas 

919       .»       @  34 

oA 

1.56.^ 

Lentils 

i.533i             @  29 

2 

2.239 

Bran 

3.507^    cwts.    (tr  5 

3^ 

927 

Hay  and  clover  . 

3,635^    loads   (a  63 

•  '.538 

Straw 

393i  (0^32 

52- 

639 

Carried  forward  . 

• 
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£ 

orougni  ior\\  ara  •  . 

£,  1  UiJ 

409 

Per  mile  1 

44."9 

2'57d. 

Granar)'  wag^es  

•06 

Horsekeeper's  wages  

•80 

Shoeing  

2.758 

•17 

Veterinary  attendance  .... 

491 

•02 

Rent,  rates  and  taxes  of  staUes. 

^.305 

•16 

Rent)  rates  and  taxes  of  granary 

•01 

Repairs  to  stables  

127 

"Ol 

Sundry  stable  expenses  .... 

434 

*02 

HcHTse  renewal  

4.456 

69,845 

4.07 

'39 

•01 

69,706 

406 

Horsing  E^Lit^En  per  Horse  per  Week,  Half-year 

December,  1891. 


Ptorbocie. 

Hm1f-ye«r  endiog 
Dec  31,  >89i. 

Pet  «M«k. 

Granary  warn  

Horsekeepcrs  wages. 

Shoeing  

Veterinary  attendance 
Rent,  rates,  and  taxes  of  Stabtes 
Rent,  rates  and  taxes  of  granaiy 
Repairs  to  stables  .... 
Sundry  stable  expenses 

£    >.  d. 

12  15  7 

066 
3  19  6 
0  15  II 
0    2  10 

0  13  4 

0  I  5 
007 
026 

1  5  10 

s.  a. 
9  10 

0  3 
3   oi  i 

0  7h 
0  li 
0  6 

0  O.J 
0  o| 

0  1  ]  ■ 

1  2 

20  4  0 
0  0  9^ 

15  8 
0  0^ 

20    3  2^ 

»5  7* 
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TRAmc  ExpENSi$»  Half-year  Dbcem bek,  1891. 


Driven'  and  conductofs*  wages 

Pole-turners  and  pomtsmen  .... 

Traffic  superintendence  

Timekeepers'  wages 

Rents,  rates  and  taxes  of  car-sheds,  workshops, 
and  offices  

Car  lighting  and  oiling  

Car  washing   

Tiack  cleaning  

Tickets      .....  ... 

Traffic,  stationery,  printing",  waybills,  &c.  . 

Traffic  manager,  cashiers,  ckrks,  punch  foremen, 
cash  collectors.  >5v:c.  ..... 

Ticket  check  

Salt  and  sand   . 

Punch  royalty  

Pdice  licenses  and  excise  

Compensation  


Ptor  mile  run. 

pence. 

34*533 

or 

2*04 

794 

•04 

575 

» 

•03 

429 

*02 

1 1 

•01 

1.9/5 

f » 

•12 

606 

»f 

•OA 

60; 

■03 

284 

•f 

•01 

2,060 

>f 

12 

719 

>» 

•04 

705 

*» 

•04 

500 

*> 

•03 

496 

*♦ 

•02 

1.497 

It 

•08 

»» 

Repairs  ani>  Renewals,  1889—91. 


Pennanentway  . 

Rolling  stock  ,  ♦ 

Leases  renewal  fund 
Property  and  buildings 
Machinery,  20 per  annum 

on  expenditure  .  .  . 
Harness  and  equipments, 

50 '/j,  un  e.KpcndiLure  . 
Office  furniture,  loVo  on  ex« 

penditure  .... 
Advcrti-.inL'  plant,  2o7o 

expend!  Lure 

Total  •  .  .  . 
Do.  per  mile  run  . 


1889. 

1890. 

1  1891. 

12,000 

I  9.268 
2,750 
1  2,409 

£, 

12,000 
7,684 
3,000 
2,201 . 

c 

12,000 

6,451  1 
3.000  j 

«  1 

2.330 

2.909 

3.539  ! 

^,ui8 

2,292 

2,402 

67 

65 

68 

109 

131 

124 

30.951 
.-.4 

30,282 

Pence 
I '00 

20,4.5'>  : 

•95  I 

F 
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Maintenance  of  Way,  1889—91. 


Ycftr. 

Average 
length  open. 

inlWMaee  «f  my. 



Per  mile 
of  way. 

Per«|ttii*2wd 

PermUeraa 
by  can. 

Miles. 

£ 

c 

rcncc. 

Pence, 

1889 

5.769 

279 

699 

•22 

1890 

9,402 

428 

IOI5 

1891 

"ft 

15*396 

682 

x6'36 

•48 

Allowing  xo,ooo  square  yards  pcx  liaeal  miic. 


Mileage  run  and  Repair  of  Cars,  1889—91. 


number 

of  can. 

Miles  run  by  cars. 

Cost  for  re{>airs. 

Nuffibor. 

Per  CAT. 

Per  car 

1 

Anowit.  Pw  car. 

Per  mile 

j  

;  1889  ! 
1890 
1891 

256* 

293* 

6468,224 

7,248,591 
7,855,898 

25.217 
24  699 

25.300 

69*07 
67-66 

69-31 

9,267  1  36*12 
7,683  26*14 

0,451   '  2076 

Pence. 

•25 

•19 

Average       .       .  ' 

25.072 

68-68 

27*67 

•26 

The  Bill  lodged  by  the  Company  for  the  right  to  employ 
laLclianu  al  jtowcr  by  cable  traction  on  the  line  between  Kenning- 
ton  Crubs  and  Telford  Avenue,  received  Royal  Assent  in  1890. 
The  line  has  receniiy  (March,  1093),  been  ojjened  for  traftic. 
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CHAPTER  IV. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  LONDON  STREET  TRAMWAFS. 

Tbese  tnunways  weie  fizst  opeoed  in  December,  1871,  with 
4}  miles  of  way.  The  length  of  way  open  at  December  31, 1891, 
was  13^  miles. 

The  honing  power  was  hired  from  the  London  General  Omnibus 
Company,  from  the  time  of  opening  until  April,  1875,  when  the 
Tramway  Company  acquired  their  own  horses  and  worked  the 
lino  themselves* 

The  total  capital  expenditure  at  the  end  of  the  three  years, 
1889 — 91,  was  as  follows  (for  a  length  of  13  i  miles— about 
^40,000  per  mile) 


Capital  Exfsnditurs,  1889—91. 


Ymt. 

Mile* 

OpCO  At 

D«c.jt. 

Lands, 
baildingt, 

Rolling 
ftock. 

Machinery, 
harneu,  &c. 

\ 

1  nuie  opea. 

1889 

1890 
1891 

I3i 
Ui 
i3i 

£ 

362,168 

364.748 
364.906 

24,681 

25.539 
25,882 

£ 

2,837 
2,627 

2j38o 

£ 

39.535 
40,561 

42,248 

£ 

429,221 

433.475 
435.476 

£  „ 
39.9*8 

40.323 
40,509 

It  is  notable  that  the  capital  expended  per  mile,  on  the  three 

F  2 


Digitiz 


Google 


68 


STATIS2ICS  OF  TRAMIVAYS* 


liOndon  companies  just  dealt  with,  vary  in  amount  in  some 
proportion  inversely  as  the  total  lengths  of  way,  thus : — 

Length  of  way.  CtMt  mile. 

North  Metropolitan  49  miles  £z^*i^ 

T^ondon  ....       22|    „  32,501 

London  Street      •      .      .      13^  40*509 


Miles  Run»  Rbcsipts,  Passengers,  in  the  Three  Years 

1889 — 91. 


1 


1889 
1890 
1891 


2,39^,02; 

3»4S4»354 
2,492.929 


Receipts  from 
trafRr. 


119,498 
127,705 
130,624 


Stiri'Try 

c 

1.031 
1,442 


Total 

receipts. 


I 


c 

120,529  I 
132.  "46 


Per  cent, 
of  capita]. 


28 
30^ 


Year. 


AvengQ  leogth 
of  WS7  open. 


1889 
1890 
1S9I 


MUe». 


Rp(  oipts  per 
average  mile 
open. 


9,096 

9.767 
9»973 


Receipts  per 
mile  upca 
per  week. 

1  ReoripC» 
per  car. 

Reoeiots 
per  milo 
ma. 

1  I 

Pence. 

174-9 

1. 138 

12-09 

187-8 

1,171 

12-65 

191-8 

1,146 

1272 

Year. 

Nombec  of  pasMogen. 

Receipts  from  pateeocers. 

Total. 

Per  car* 

Per  mile 
rua.~ 

Total. 

Per 
jL-issengcr. 

1889 
1890 

I80I 

I        '  i 

22,720,062 
24,507,126 
24,310,829 

210,381 
224,836 

213.253 

9  4 
9*9 
97 

c 

119,498 

"7.Z*>5 
130,624 

Pence. 
1*26 
I '25 
1*28 
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Working  Bzpbnditurb  1889--91. 


1 

1 

1 

I«9I.  1 

t 

ItCBS  of  Expcodituxe. 

1889. 

1 

S890. 

ToUl. 

Per  cent,  of 

tot.il 
expenditure. 

Per 

milf 
1  run. 

Horsing  . 

Wa^es  of  drivers 
,    and  pole-shiftezs  . 
'  Repairs  of  cars 
1              of  buildings 

Maintenance  of  way 

Trafl&c 

General  charges 
Rent,   rates,  and 
taxes  (on  bnildings) 

12,025 

3.589 

566 

6,175 
16,981 
6,219 

2,225 

C 

45.090 

12,845 
3,829 
56S 
7,282 

18,311 
6,311 

2,578 

£ 

50,025 

13.15a 

3.747 
600 

7.607 
20,347 

6.271 

2,760 

44*93 

11-82 

3-37 

6*90 
18-28 

2  48 

Pence. 
5  02 

133 
•06 

'77 

2-04 

*6) 
•26 

Total  direct . 

96.408 

97.334 

104,589 

93*95 

10-49 

Income  tax  and  rates 
(on  permanentway) 
ji^ns  and  water 
1  Licenses  and  excise 

duties  . 
1  Ctfropenaation . 
Legal  and  pailia- 
j   mentaiy       •  . 

3»90o 

413 
«»I43 

819 

1 

3>943 

359 
1,320 

710 

4.651 

846] 

4'i8 

•76 

•44 

■% 

•08 

Total  contingent  .  1 

6.233 

6.730  1 

6'05 

1 

•65 

Tot  a:-  Fxi'SNomras  . 

Per  mile  open  . 

102, 68j 
9»55a 

103,566 
9*634 

"I.319I 
10,355 

d.  \ 

10-68 
847©  i 

100-00 

•  • 

11*14 

♦  • 

Per  mile  nm  . 
Per  cent,  of  receipts 

d. 

10*25 

857; 

d. 

10*12 

8o7o 

»  « 

*  • 
»  • 
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STATISTICS  OF  TRAMWAYS, 


Horses  at  the  Ends  of  the  last  six  Half-years  to 

December  31,  1891. 


Tune,  1889 

Hec, 

iune,  1890 
>ec.,  „ 
June,  189J 


Averages 


Running  Expenses  Half-year  December,  1891. 


Hay 
Straw 

Bran 


Tares,  oatmeal,  and  sundries 


d. 

4*425  ®  27 

II 

6,171 

7 

3.991 

150®  33 

6 

307  0  3a 

9 

503 

Loads. 

ii293  ®  65 

6  " 

4.235 

6a  ®  33 

II 

105 

Cwt«. 

196  ®  5  11^ 

SB 

•  • 

• 

.  246 

Less  maoure  • 

Stable  foremeD,  horsekeepen,  leader  boys, 

watchmen,  and  general  wages 
Granary  wa^^cs  and  expenses 
Miscellaneous  stable  expenses 
Repairs  to  machinery 
Veterinaiy  service  . 
Repfl^rs  to  harness 
Shoeing « 
Horse  renewals 


16,522 
 95 

16,427 

51078 

521 

39 
42 

M5 
574 
998 
3»4>o 


Par  mile 
d. 

—  "96 

=  '09 

«=  '01 
=  -01 

=  X3 
=.  -09 
=  *iB 

•«  '43 


26,234     a>  496 
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HOSSItIO  EXPKMSBS  PSR  HORSB  PER  WBBK  IN  HaLP«TSAR, 

DBCBMBER,  1 89 1. 


Per  horse. 

JDve.  jsatpiSgi. 

Per  week. 

1 

C 

J. 

d. 

H 

0 

I 

10 

9i 

Stable  foremen,  hor^ekeepers,  leader 

boys,  watchmen,  and  general  wage^ 

4 

6 

7 

3 

4 

Granary  wages  and  expenses    .  , 

0 

8 

1 1 

0 

4 

Miscellaneous  stable  expenses  . 

0 

0 

8 

0 

Repairs  to  machinery 

0 

0 

0 

i 

Veterioaqr  servke  «... 

0 

3 

I 

0 

I 

1    Repairs  to  bamets  .... 

0 

u 

0 

4i 

Shoeing  

0 

0 

8 

1    Horse  renewals  

2 

I 

I 

0 

7 

i                Total  actual  cost 

2% 

7 

6 

16 

Mileage  Run  and  Repairs  of  Cars,  1889—91. 


Average 
nnmber  ot 
cars. 

MiktnwbfCMk 

ToteL 

Ptar 
Totil. 

Per  day  of 

Totol 

Per 

car. 

Per 

mile  \ 
run.  1 

1889 
1890 
1891 

Car-.  Miles. 

105    1  3»39«fOa7 

109    1  2,454,354 
114    1  2,492,929 

Miies. 
22,781 

22.517 

21,868 

Miles. 
62'13 
61*67 
5988 

3.589 
3.829 

3.748 

,  

33*13 
35*12 
3287 

Pvoce« 
•35 

•36 

Averages  . 

22,392 

61*23 

3371 

•36 
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STATISTICS  OF  TRAMWAYS. 


Maintenance  and  Renewal  of  Way,  1889—1892. 


Yew. 


I 


Average 
ICBftbopOBt 


I 


X889 
1890 
189 1 


Cost  for  nuunteoaoce  ol  way. 


Total. 


6.175 

7.282 

7^687 


Pw  mile  of 
way. 

T 
551 

677 

7'3 


Per  square  ^  Per  mile  ran 
vard  of  way.*       by  can. 


13-2 
l6'2 
17*1 


PencCa 
•62 

74 


*  AUofriaf  10^000  aonafa  yudi  per  lioaal  nile. 


The  tramways  in  the  Caledonian  Koad  were  reconstructed  with 
steel  girder  rails  in  1889 — 90. 
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CHAFfER  V. 

CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  SOUTH  LONDON  TRAMWAVS, 

The  through  routes  of  these  tramways  were  opened  in  the  course  of 
1884.  The  sabjoined  statistics  relate  to  the  years  1889  to  1891 


Capital  Expknlhtuke,  1889—1891, 


Ytar.!  r 


B 


£ 
14,280 


6  >> 
I    («  4i  2 

.5  3  I 

M 

ao,i88 


(,81a 


•?2 


^1 


I  £ 

965  too 

948;  X08 

1,110  ,  100 


Hones. 


£ 

96  at,x6o 


£ 
188 


XoUL 


Total 
per 
mile 
open. 


RoLUNG  Stock  and  Uokses,  1889— 1891. 


1889. 

1890. 

i8gi. 



Cars  

86 

86 

86 

Onimbii«es  .... 

16 

«3 

16 

102 

99 

103 

Horses    .  . 

772 

758 

736 

74  STATISTICS  OF  TRAMWAYS, 


HORSES  AT  THE  Ekds  OF  THE  T.AST  SiX  HALF-YEARS  TO 

Dfx  EMBER  31,  1 89 1. 


Total 

Sold  and 
dioil. 

Sick. 

Lame. 

June,  1889 
Dec, 

Tune,  1890 
Dec, 

June,  1891 
Dec* 

764 

785 

758 

788 
736 

60 

72 
49 

4« 

69 

76 
102 
100 

5 

7 
2 

4 

20 

Averages  . 

767 

72 

76 

1 

MiUK  RUN,  Receipts,  Passengers,  in  the  three  Years 

1889— 1891. 


Tear. 

Recf'ipts 
from  tvaflic. 

Snodry 
rrcHpti. 

Total 
recetpC*. 

Par  cent,  of  ; 
capital. 

1889 
1890 
1891 

738,333 
1,757.885 
1. 746*074 

71*132 

73»822 

75,490 

c 

819 

999 
1,178 

71,051  1  1978  7o 

74,82  r  20-37 

76,668  !  20-88"/. 

I  Avcrajre 
Tear.       '  Iwigth  ot  way 
1  open. 

Re<  <  ipts  ptT  1  Keceipu 
average           per  mile 
mile  open.  ]    per  wrek. 

Ri-cciptf 
per  oar  and 
omnibos. 

KeceipU 
per  niUa  mn. 

1889  12,^^ 

1890  12}^;^ 
1891 

5.^77 
5,800 

5.943 

109 

iii'5 
114*3 

705 
756 
751 

Ptuce. 

993 
10-23 

xo-54 

Tear. 

N»berofpa««»<«i..                '      ^^SSSST  \ 

TotaL 

Per 
Tehicle. 

Per  ^-ehiclc 
per  day  of 

Per  mila 
nau 

Total. 

Per 
passenger.  | 

1889 
1890 
1891 

15,671,679 
16,314,010 
16,666.858 

153.644 
166,817 
163,302 

421 

457 
447 

9-01 
9  26 

9*54 

C 

71.951 
74,821 
76.668 

1 

Pence.  1 
I'lO 

i-io 

I'll 
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The  mUeage-ran  and  eaimngs  in  1889  aie  given  separately  for 
ouun-Hne  cars,  cross-Hne  cars  and  omnibuses,  and  one-horse  cars, 
as  shown  in  the  following  tablet : — 


Mn.B5  RUN,  AND  EARNINGS  BT  CARS  AND  OlCNIBVSBS 

SEPARATELY,  1889. 


VehklM.                      1  ICflMran. 

Swraiag*. 

Per  mile  rvD. 

Main-line  cars  .... 
Cross-line  cars  and  omnibuses . 
Ooe-borse  cars .      •  • 

Total  .... 

1,248,691 

394.599 
95*043 

15,945 
1.839 

Pence. 

10"24 

970 
4-64 

71,132    '  10*!6 

Reduced  to  pair-hoise  mileage  by  calculatbg  every  two  miles 
run  by  a  one-hoise  vehicle  as  being  equal  to  one  mile  run  by  a 
pair-horse  vehicle. 


Total  1,690,812 


10*41 


Working  Expenditure,  i889-»-i89i. 


ttemi. 

1889. 

1890. 

i  1891. 

1  Propor- 
1891.  doBuparU 
ot  total  ex- 
penditure 

i89l> 

per  mile 
run. 

Horsing  expenses 
Traffic  expenses  . 

General  expenditure  . 
Rates  CD  permanent  wax 
Repairs  and  renewals . 

Total  espeoditare  . 

Do.  per  mile  open 

Do.  per  mile  run  . 
Do.  per  cent,  of  receipts 

£ 

29.715 

2I»324 

1,644 
12 

10,268 

30,020 

23.649 
2,217 

II 

".383 

C         Per  cent. 
36,610  5091 

24,028  ;  33 '40 

1,702  2-36 
10  — 

9.542  13-33 

Fence. 
505 

•24 

•  • 

1-32 

62,963 
4,881 

Pence. 

8-86 
88-4  7o 

67,280 
5.215 

Pence. 
9-23 

90  7o 

71,901  ;  100*00 

1 

5.573  — 

Pence. 

986  — 
92-4  7a  - 

9*86 
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STATISTICS  OF  THAMfVAVS. 


Maize 

Oats 

Beans 


Horsing  £xp£iises.  Half-year,  December,  1891. 

Qn.  Biubls.  «. 

2,427  5  ®  30 
3.467 


Clover 

Bran 
Peas 

Oatmeal 

Hay  . 
Straw 

Mo!»  Litter 
Sundries  . 


27 


Loads 
249 


o  @  20 
7  ®  38 

Tr. 

13  @  64 
CwU.  Qrs. 
550    2  @  6 
gra.  Bat. 

100  o  9  36 

CwU.  Qrs. 

34  2  ®  14 

488  33  (7?  57 

241  6  ®  32 
Toas.  Cwl. 

219  5  d  24 


d. 

9 
II 

o 


£ 
3.733 
3*629 

53 


10 

o 
6 

8 

5 
o 


Granary  wages 
Horsekeepers*  wa^^es 
Shoeing  « 

Veterinary  attendance 

Rent,  rates  and  taxes  of  stables 
Rent,  rates  and  taxes  of  granary 
Sundry  stable  expenses  . 
Horse  renewal .... 


809 

166 

183 

1.405 
385 

269 
'  70 

10,736 
296 
2,869 
711 
ISO 
690 
46 
125 
3,061 


Per  mt)c  rnn. 

=  2  94r/. 

»  *o8 
=  *6i 

-  'iS 

=  -04 
«  -18 

-  '01 

=  -03 
=  -89 


18,674   =   5*  16 

Horsing  Expenses  per  Horse  per  week  in  Hai^*year, 

December,  1891. 


I 


Per 


Half-year  CRding  < 
Dec.  ji,  1891.  t 


Per  week. 


Provender 
Granary  wa^es 
Horsekeepers  wages 

Shoein^^  . 

Veterinary  .attendance 
Reui,  rales  and  taxes  of  stables 
Rent,  rates  and  taxes  of  granary 
Sundry  stable  expenses  . 
Horse  renewal  . 

Total  actual  cost 


£  ^ 

d. 

13  18 

10 

0  7 

9 

^  'J 

9 

0  18 

5 

0  3 

10 

0  17 

II 

0  I 

0  3 

3 

3  »9 

4  j 

10 
o 

3 

O 

o 

0 

o 

o 

3 


4 


I 


24  5  3 


18  7 
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Repaz&s  AiiD  Renewals,  Half-year,  December.  1891. 

Per  mile  run 
C  Pence 

Permanent  way  2,000  = 

1,476  •- 


Rolling  srock  . 
Leases  renewal  fund 
Property  and  buildiogs 
Machineiy 

Hainesfl  and  equipments 
AdYCrtising  plant 


300 

95 
409 

24 


•52 
•40 
06 

H 
*oa 

*o6 

•01 


4,828   =  1-23 

MiLBS  RUN,  AND  REPAIRS  OF  CARS,  1 889— 1 89 1. 


Tear. 


Blilw 


Cott  for  rpp«ir'. 


I 


Average 
nomber ' 
'     of  I 
jrefasclesJ 


Per  vehicle. 


ToUl. 


ToUl. 


Par  day 


Total. 


Pcrcmr. 


Per  mi 


le 


I  Mfle*. 

i88g    10 1  i  r.7.S^?.333 

1890  99  i.757'«85 

1891  '  102  1,746,074 


MUM. 

17,126 

17.758 
17.118 


Mi  let.  r  £ 

46-9  I  10,268 

48'6  I  11,383 
468  9,542 


d. 

lOI  -1 

I  "40 

"5 

1-32 

Maintenance  of  Wat,  1889— i  891. 


Cost  for  maintenance  of  way. 


1  length  opea. 

Amount. 

'    Pfcr  mile 

of  wav. 
• 

Ptar  iq.  yard 

of  w.iy.* 

Per  mile  run 

\  \  cars. 

1889 

Mac*. 

c 

£, 

Pinice. 

Praoh 

12*9 

4,000 

310 

7'44 

1890 

1  "9 

5i6oo 

434 

10-41 

189I 

1  12*9 

4.000 

310 

7*44 

■54 

*  AlloiHac  wjaea  tqvara  jsrds  per  Ifaekl  mile. 

The  original  Meakins  way  continues  in  use ;  but  the  Barker  way 
bas  been  nearly  all  replaced  by  steel  girder  rails. 
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CHAPTER  VI. 


CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  BIRMINGHAM  CENTRAL 
TRAMWAFS  COMPANY. 

The  opLiatioiis  ol  this  Company  are  conducted  on  the  four 
systems  of  hdukige: — by  direct  steam  power,  horse  jiovrer,  cable 
power,  and  electric  power ;  and  they  attord  au  opj^oitunity  of 
directly  comparing  the  motive  powers. 

The  Bristol  Road  line  was  reconstructed  and  adapted  in  1890 
for  electric  haulage. 


STEAM  DEPARTMENT. 

Miles  run,  Rsceifts,  Passengers,  in  the  Two  Years 

1890, 1 891. 


Year. 

MilM  ran  by 

cars. 

Receipts  from 
traffic. 

Sundry 

receipts. 

ToUl 
receipts. 

Receipts  per 
mile  run. 

— — — 

1890 
I89I 

1,169,883 
1,184,401 

£. 

73.760 

76.454 

824 
884 

£ 

74.584 

Ptace. 

15-64 

1 

Number  of  p 

Receipts  fironi  pewenfti. 

Total. 

Per  mile  run. 

Total. 

Per 

passenecr. 

1890 

1S91 

13.797.864 
14,242,827 

I  I -80 
1201 

73.760 
76.454 

Pence. 

1'26 
1*28 
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The  working  expenditure  for  the  two  years  1890  and  1891  is 
given  in  tlie  loUowing  table.  The  T^crcentages  of  tlie  several 
trxpenses  in  parts  of  the  whole  expenditure  in  1891  are  given  in 
the  second  lost  column. 


Working  Expenditure  vor  thb  Two  Ysa&s  1890,  1891. 


\ 

1            '  ' 

18.-1. 

iSgo. 

Per  niilo 

TuUl. 

Per  t  rnt.  of 

tOt4l 

<t  |w>u<l  i  tuffc 

I'c-r  aiil« 
rus. 

Eagioea  • 

Car  repairs 
Traffic  expenses . 
Permanent  way 
aad  boUdiiigs  . 
Genera!  charges. 

»7*3«9 

7,694 

6,402 

4,926 

Pflnre, 

5-60 
•36 

1*31 

I -01 

31*464 

1 .61 1 

5.209 

Vvsx  ceat. 
58-03 
2-97 
1529 

14' to 

9'6i 

iVnce, 
6-38 

i-6ti 
1-05 

Total  e]^>eDditure 

48,08^ 

9*86 

54«2»8 

100*00 

10-99 

Do.  per  ccoL  of 

receipts  . 

64  ■  0 

70"  . 

The  eogine  power,  it  b  shown,  monopolises  nearly  onc*haIf  ot 
the  whole  working  expenditure.  The  expenditure  on  engine 
power  is  given  in  detaul  in  the  following  tablet : — 


Details  of  the  Working  Ezpenditurb  for  Engine 

Power  for  i89o»  1891. 


1 

ToUl. 

Per  mile  inin. 

ToUl. 

Per  mile  run. 

Wages 
Fuel  . 

Water  and  gas  . 

Stores .  . 
I  Sundries 
1  Repairs 

c 

9,92- 
7,4ii> 

I1O93 
1,406 

392 
7.074 

Pt-nrc. 
2*04 

152 
*32 

1*45 

C 

10, 191 

9.3|7  . 
1.069 

1,721 

340 
8.786 

Pence. 
2 '06 
I  90 
-22 

•35 
•07 

178 

1       Total  . 

27.318 

5-6o 

31.464 

638 

8o 


STATISTICS  OF  TRAMWAYS. 


HORSE  DEPARTMENT. 


Miles  run,  Rkcbipts,  Passengers,  in  the  Two  Years 

1890.  1 891. 


Year. 

Miles  nio. 

Omnibuses. 

iramways. 

By  cars. 

By  unnii- 
butes. 

Kccciptii 
from 
traffic. 

Receipts 
per  mile 

run. 

Receipts  Receipt* 
from     per  mile 
tr.iffir.  run. 

1890 
189I 

131 '528 

500,190 

23.507 

Pence- 

9  "94 
1113 

£        Pence.  1 

5.2221  9-.}6 
5.049    9  24  ( 

bundiy  receipts,  | 

Total  '?"-P" 
imile  run. 


1 

Year. 

Total  number  of 
paesanxer*. 

Receipts  Irani  oasiencrrs. 

Passengers  per 

mile  run.          Omnibuses.    |  Tr.im*. 

Car».    jommbMe!!.!  Can.  1           |  Total. 

Per  mi\t 
ran.  1 

1890 
189I 

1              1                     j  ^ 
1,068,8613,054,266   8-1      4*6  27^^^^o 

1,1 14^88  2,638/)28|  8*5      5«i  '23,507 

Pence,  £ 

9'8   i  5,222 

11 -I     1  5,049 

Penct-. 

9*5 

Q*2 

Working  £xp£NDiTLrRE  for  the  Years  1890,  1891. 


1890. 

Per  mile 
ran. 

> 

Total. 

P<  r  cent, 
of  tot.il  rx- 
pemiiturr. 

Per  mile 
run. 

Horses,  including  / 
Forage  and  wages  Jf 
Vehicle  repairs 
Traffic  expenses  . 
Way   and  build- 
ings . 
General  charges  . 

£ 

1,281 
3*944 

304 
1.647 

Pence. 

6-45 

*39 
i'i9 

•09 
"49 

£ 

19,461 

1,426 
3»36o 

362 
1.392 

.Percent. 
74-fi6 

12-93 

1-40 
5*33 

Pence. 

7"33  1 

•54  1 
1*26 

•14 
•52 

Total  expenditure . 

28.547 

S'6i    j  26,001 

10000 

979 

_..  — 

Do.  per  cent,  of 
receipta  . 

88  7. 

91  7p 

- 
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BIRMINGHAM  CENTRAL  TRAMWAYS,  8 1 


Details  of  the  Working  Expkxdi tuke  for  Horse 

Pow&R  IN  1^90,  1 89 1. 


1 

1 

1 

■  Item. 

Totet. 

Per  mile 
run. 

ToUl. 

Pfer  mile 
run. 

Wages  .... 

Forage  and  bedding 
V'etennary  and  shoeiog  • 
Water  and  gas  . 
Harness  repairs 
Stable  utensils  . 
Sundries  .... 
Renewals .... 

7.2H 

11.144 
1,026 

163 
402 
141 

1,161 

PcDce. 
2*17 

3*36 

•31 

•05 
•12 

•04 

•36 

£ 

6.479 

9.-^73 
1.052 

166 

424 

116 

IQ9 
1.151 

I'cnce. 

2-44 

37^ 
•40 

•06 

•16 

•04 

•08 

•43 

Total  • 

21.397 

6-45 

19,460 

733 

CABLE  DEPARTMENT. 


Mii.ES  RUN,  RrxEiPTS,  Passengers,  in  the  Two  Years 

1890,  1891. 


1 

Year. 

Miles  nu. 

Receipts  from 
traffio. 

Sundry 
nceipts. 

Toul        Receipt*  per 
leoeipU.    1    mile  nia. 

2890 
1891 

i_. 

459.806 
532,876 

£ 

27.781 

180 

£ 

25,212 
27*961 

Pence. 
13-16 

13*5* 

Year. 

Nomber  of  paeeengeie. 

ReceipU  from  paneofera. 

T«ial. 

Per  mile  ms. 

Total. 

Per  mile  run. 

1890 
1891 

4,261,050 
5,241.362 

9-40 
10*01 

25,04s 
27,781 

Pence. 
13*2 
12*7 
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Working  Expenditure  in  the  Two  Years  1890.  1891. 


Itam. 

1 

1890. 

i8qt. 

ToUl. 

Per  mile 
na. 

Total. 

I'cr  c  ent,  ot 

Per  mile 

TUIIa 

Haulag^c 

Cables  and  machinery' 
Car  repairs  . 
Traffic  expenses  . 
Permanent   way  add 

buildings  . 
General  charges . 

Total  expenditure  . 

Do.  percent  of  receipts 

I  Ml 
747 
a.349 

148 
1.717 

Pence. 

2-55 
•39  , 

1-22  1 

•08 
•90 

C 

5.-^42 
2,078 
1,811 
2,820 

270 
■1.565 

Per  «N«iit. 

38*00 

I3'I2 

20-45 

2*02 

11-34 

Ptiirft. 
2-41 

•«3 
1*30 

11,680 

48  7o 

6-IO  j  13,795 

-   ,  507. 

100*00 

633 

Details  of  the  Working  Expenditure  for  C/VBLE  Power 

IN  1890,  1891. 


F 

1890. 

Total. 

Per  mile  run. 

ToUl. 

Per  iTtile  run. 

Washes       .  , 
Fuel    .      •  • 
Stores  . 

Water  and  gas  . 
Sundries 

Total  . 

L 

2,8  I  *v 

574 
131 
89 

P«nc«. 

1-47  ' 
•66 

•30 
■07 

'05 

£ 

3.t8t 

1,440 
401 

02 

Prnt  e. 

I  '46 

•66 

•19 
•07 

•03 

4.877 

2"55 

5.242 

241 

KLKCTRIC  DEPARTMENT. 

MiLl  S  Kl  N,   RkCKIPTS,  AND  FASSFN'GKK S   1  OR  189I. 

Year. 

Miles  run  by 
cars. 

Rctoipts  from!  Sundry 
traffic.      I  receipU. 

Total 
receipts. 

Rocripts  per 
inilo  run. 

1891 

138.396 

8.657     1  76 

^  & 
8,733 

Pence. 

I5'i8 
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Tear. 

Number  of  piweagwi. 

Reeeipiti  from  patieDgen. 

ToUJ. 

Per  mile  nm. 

ToUl. 

Per  poeaenger. 

1891 

1.144,718 

8-54 

8.47 

IV 11,  ... 

WORKING  Expenditure  for  the  Year  1891. 


Total. 

Per  cent,  ot  total 
cspeodittire. 

PernUenin. 

Percent. 

Peocp. 

Electric  haulage  . 

5201 

5*»5 

Machinery   .       .       .  , 
Car  repairs  . 

2-96 

'29 

19-12 

I  93  1 

Traffic  expenses  ,      .  j 

772 

13-46 

1*34 

Permanent    way  and 

building^s  . 

173 

•14 

General  Charges  .      .  ^ 

609 

1072 

103 

Total  expenditure   •  ' 

5.7" 

ZOO'OO 

9.90 

,  Do.  per  cent,  of  receipts 
1  1 

65  7o 

Details  of  tu£  Working  Expenditure  for  £l£Ctric 

Power,  1891. 


Item. 

X891. 

Total. 

FtenOe  run. 

& 

Pence. 

Wages 

2*60 

Fuel, 

956 

1-66 

Stores 

420 

73 

Water  and  iighdng  . 

39 

•07 

Sundries  . 

54 

•09 

ToUl 

• 

[  5*15 
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SUMMARY  OF  THE  FOUR  DEPARTMENTS. 


Miles  run,  Ri-ctii  is,  and  Passengers,  for  Two  Years, 

1890,  1891. 


Tear  endiog 
June  JO. 

Miles  run. 

1 

Passengers        Traffic      i  Sundry 
carrimL     |    rereipu.    |  nceipt*. 

1 

Total  1 
fcccipts. 

1890 
189I 

i        '  £ 
22,182,041     131.409  1,806 

241381,323    141,448  1,860 

£ 

143*308 

Vnr. 

T.i-ntfth  open. 

Rert  ipts  per  mile 

Per  mile  per  week. 

1890 
1891 

Mllea. 

2479 
2479 

£          i  £ 

5.373  m'?> 

5,781             '  IIJ'2 

Number  of  passengrrs. 

Receipts  from  passengers. 

Totel. 

T<i«sl. 

Per  pMienper. 

1890 
189I 

22,182,041 
24.5^1.3*3 

9-8 

£ 

I33,21^ 
143*308 

Pence. 

1-39 
1.40 

Passengers,  RECEifxs,  Expenses,  in  1S90,  1891. 


FkttMffen  eAoied. 

Total  recdpfa. 

Working 
expenses. 

Net  profittt 

SS90. 

it9i. 

1890.  1891. 

1890. 

1891. 

1890.  i89f. 

Steam  . 
Horse  . 
Cable  . 
Electric. 

13,797,864 
4,123,127 
4,261,050 

14,242,827 
.^752,416 
5,241,362 
1,144,718 

£    1  £ 
74,.S83  77,338 
33,419  29,277 

-     j  8,732 

£ 

48,084 

28,573 
11,681 

£ 

54,219 
26,002 

13.975 
5,711 

£ 

26,499 

7,417 
11,417 

£ 

3,275 
14,106 

3,0a  I 
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Receipts,  Expenses,  axd  Profit  or  Loss,  per  Mile, 

1890  TO  1893. 


1 

Year  1S50 — 91  (June  30). 

Mil*»s  run  bv  ^  » 
departments 

ExpcDtes  per 
mite  ran. 

Net  profit 
per  mile  nia« 

Steam 

H  »rse  ... 
Cable  . 

Electric      .  • 

Pt-nrc. 

1,184.101  15-67 
637,724  II-02 

f>22,\*>-j(i  12-^3 
138,396  15-15 

P<'nre. 
10-99 

979 

6-33 
990 

Pence. 
4-68 
1-23 
6-50 

Averages 

—  13-67 

4*46 

Y'car  1891 — 92  (June  joj. 

Miles  run  hv 
i:.ir»  anil  omni- 
buse»(horao 
depu-taient). 

Average     *  K,penset 
1 

Xet  profit 
per  mile  run. 

j  Steam 
Horse  . 

Cable  .       .  . 
Electric 

1  1.212,624 

63405 ' 
1  621,210 

!  188,760 

\ 

Pence. 

»5-96 

1 1 '20 
12*20 

Pence. 

12-03 
996 
6*18 

15-39 

f 

Pence. 

3*93 
1-24 

6*02 

2*14  (loss) 

1  Averages    .      .  — 

1315 

,  10*89 

3*26 

Year  1890—95  IJ«Be  30). 

Miles  r-.in  liv 
car^and  omni> 
buie^  thor<e 
d>*p.iitnu  nt 

Average 

receipt*  per 
mile  run. 

Expenses 
per  mite  nta. 

Net  profit 
per  Bile  run. 

Steam  • 

Horse  .       .  • 
Cable  .  • 
Electric 

1,225,996 
647.652 

64 1 , 1 6 1 
140,993 

Pence. 

15*99 

10-93 
12*69 
16  38 

 ■ — '  — 

Pence. 
11*22 
1012 

6*32 

i6*55 

Pence. 

477 
•81 

6'37 
•17  (loss) 

Averages  . 

13*99 

1105 

2-94 

CHAPTER  VIL 


CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  GLASGOW  TRAMWAV  AND 

OMNIBUS  COMPANV. 

At  December  31,  1880,  the  property  of  the  Company  stood  at 
;f  348,2 24,  including  the  value  of  1,836  horses  and  mules,  178 
cars,  and  22  omnibuses.  The  length  open  for  traffic  was  19*89 
miles.  The  miles  run  in  the  year  1880  were  2,785,562;  the 
receipts  were  ^155,074  from  car  traffic,  jQs^S)!^  *rom  omnibus 
traffic,  and  Hfom  sundry  sources  ^0.339,  amounting  together  lo 
67,400,  or  i4'47  P<^"^<-  pt^r  ™ile  run.  The  expenditure,  iire* 
spective  of  reserves,  depreciation,  and  Corporation  charges, 
amounted  to  62*4  per  cent,  of  the  receipts,  or  yd.  per  mile  run. 

The  actual  working  capital,  after  allowing  for  depreciation,  was 
stated  to  be  as  follows  at  December  31,  in  the  three  years 
1889 — 91. 

ACTUAL  Working  Capital  Expended,  1889—91. 


Office  furniture  . 
Cars 

Omnibuses  . 
Horses  and  mules 
Plant,  machinery, 
Harness,  stable  imple 

ments,  &c. 
Heritable  property 


I 


3^5 


£  I 

300 


2>,0 


(233)  29,960     (230)  23.000 
(30)     2, 1 00       (30)  1,800 


(230)  17,250 
(24)    _  9O0 


(2768)  67,816  (2881)  65.7H3  (3149}  68,753 


Totals 


5.78  s 
181,229 


11,746 

5.205 
172,167 


;^298,95i  ;^28o,ooi 


"#905 

4,018 
167.347 


;^27 1.483 
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Miles  Rtm,  Receipts,  and  Passengers,  1889— i  891. 


Year.  ^  Miles  rna. 

Rci .  Ipts  from'  Sundry 
trat&c.      1  receipts. 

Total 

Per  railo 
run. 

Per  day 
ot  365- 

1889  4,388,019 

1890  4,481,825 

1 89 1  1  Dot  given 

£ 

227,663 

251.545 
271.715 

£ 
8,772 

8.130 
8,059 

£ 

236,435 
259.67s 
279.774 

Pence. 

12-  93 

13-  91 

£ 
648 

711 

766 

Tear. 

Average  leofth  opeo. 

Recciptt-per  average 
mile  open. 

Receipt*  per  mile 
pertHcek. 

1889 

1890 

I  So  I 

Milet  cbains 

30  17 

30  17 

30  17 

7,^66 

9.054 
9,260 

£ 

151-4 
174-2 

178-1 

Year. 

Number  ot  passengers. 

Receipts  from  passengers. 

Per  day  of 
3^5. 

Per  mile 
run. 

ToUl. 

I'.r 
passenger. 

1889 
1890 

45,812,940 

50,237.996 
52,208,605 

I25.5M 
137.665 

143.037 

10-  44 

11-  20 

c 

227,663 

25 1. 5 15 
271,715 

Pence. 
1*19 
t*20 
I'24 

The  receipts  for  the  last  half-year  1891  are  here  given  in  detail, 

as  a  sample  : — 

Traffic  Receipts— 

Cars,  omnibuses,  cab  and  carriage  hiring,  and 


mails  ^140,874 

Sdndry  Receipts— 

Maniin*   ;^I,322 

P.irrrl^  carriajEfe  to  buburbs       .       .  301 

Advertising  on  cars,  omnibuses,  &c.  iiS2l 

Discounts  and  abatements       .      .  402 

Transfer  fees   22 

Rents   565 

Total      .  .  ;^i45.oo7 


88  STATISTICS  OF  TRAMiVAYS, 

The  Suaday  traffic  for  one  year  is  given  as  follows : 


SiTNDAY  Traffic. 


Half-yc: 
December  jt,  1868. 

tr  ending^ 

June  JO,  1889. 

Miles  run  on  Sundays       .  • 

Do.       week  dnj's 
Gross  receipts  on  Sundays  . 

Do.       do.      per  mile  run 
Passengers  carried  on  Sundays  . 

£6f22S  4«.  2d. 
t2*Ot6  pence. 
1,323.677 

"9.345 

2.053,2-14 

^6,245  IIS.  lod. 
I2'056  pence. 

Working  Expenditure  for  Three  Years,  1889— 1891. 


1890. 

Proportional 
p.irt  of  total 
•expenses, 1S91. 

Traffic  expenses . 
General  expenses 

Repairs  and  renewals  . 
Corporation  charges  . 

£ 

123.389 
16.635 

27.304 

30,193 

£ 

131.759 
>5.579 

30,973 
30,048 

£ 

149,696 

14.457 

35'IVJ 

Per  cent. 
64-98 

6'33 
1576 
"•93 

Total  expenditure  . 

97.531 

;^«o8.3S9 

lOO'OO 

The  form  of  the  accounts  does  not  give  the  means  of  determin- 
ing the  horsing  and  the  traffic  expenses  separately.  These  are 
combined  under  one  heading — Traftic  Expenses — the  dctaiLs  of 
which,  with  those  of  general  expenses,  repairs  and  renewals,  are 
subjoined  for  the  sample  half-year  ending  December  31,  1891 ; — 
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lAAFnc  Expenses  for  the  Half-year  ending 


December,  1891. 


(    Jllltl.t,  ilWIt 

ut  total. 

£ 

5033 

Wages  and  maintenance,  and  interest  for 

•  33.S74 

41-38 

97 

•la 

274 

•33 

860 

I'OS 

Police,  licenses,  and  excise 

185 

•22 

Washing  and  cleaning     .      ,  , 

884 

rii 

Gas  and  water-rates  .       ,       ,  , 

•61 

Oil.  waste,  s^lt,  and  sand  . 

255 

•31 

1*36 

ToUl 

loo'oa 

General  Expenditure  for  -Half-year  ending 

D£C£MB£K,  1891. 


Salaries 

Directors'  fees  : 
Audit  fees  . 
Rents  and  feu  duties 

Rates  and  taxes 
Compensation  . 

Law  COatS  . 

Insurance  . 
Miscellaneous  , 
Frintsng,  stationery,  &c. 
Discount  on  tickets 
Intensst 


Total 


Proportion 

of  total. 

£ 

Per  cent. 

1,238 

I743 

300 

4*22 

42 

•58 

852 

11-99 

2^356 

33'i6 

460 

6-47 

132 

1-85 

843 

11-86 

168 

2*36 

187 

2-63 

3'33 

4'12 

100  00 
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Cost  for  repairs  and  Renewals  for  Half-year 
£nd1mg  d£c£mb£r,  189i. 


Horses  • 

Amount  written  off  to  reduce  the 
.  stock  price  to  ;^2t 


Harness  . 
Rolling;  stock 
Machinery 
Buildings 


Total 


£ 

Proportion 
of  total. 

2,624  £ 

per  cent. 

  10,219 

=  58-93 

1,420 

-  8'i8 

=  25-52 

~  2-92 

772 

-  445 

s  100*00 

Corporation  Charges  for  Half-year  ending 
December  51,  1891. 


proportion 
of  total. 

Per  cent. 

Interest  on  outlay,  &c.  . 

6,301 

=  42-45 

=  23-11 

9-30 

Renewal  of  tramways 

=  2514 

Total 

ZH.8j9 

=  lOO'OO 

The  average  cost  for  ])rovendcr  consumed  by  each  stud  of 
10  horses  for  the  years  1S89 — 91,  inckiding  sl:a\v  and  moss  for 
litter  (less  amount  received  for  manure),  and  wages  of  carters  and 
otliers  engni^ed  in  comicctiou  wiUi  the  provender  department, 
was  as  follows  ; — 


Half-vrar. 
June,  1889 
December,  1889  . 
June.  iHoo  . 
December,  1690  . 
June,  1891  . 
December,  1891  . 

Average  for  six  months 


I* 


per  horse,  for  six  months 
for  one  year  . 


£ 

99  8 
106  10 

08  14 
104  II 
]o8  19  II 

127  «5  7 


0 

8 
6 
1 


107  13  7i 


10  15 
21  10 


4i 
3i 


Digitized  by  GoQgle 


CHAPTER  VIII. 


CAPITAL,  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  EDINBURGH  STREET  TRAMWAYS, 

The  Liauivvays  of  the  city  of  Edinburgh  have  been  constructed 
and  worked  under  ver\'  considerable  diftkultiis,  numiripal  and 
physical.  Laid  upon  Ioul;  and  severe  gradients,  thct.c  tram- 
ways are  hk  ire  difficult  to  work  than  any  cither  tramway  system  in 
the  Unlicd  Kingdom.  The  horse-power  u as  ba])[>lied  by  contract 
during  tlic  first  few  years,  in  the  course  of  which  the  contractor 
raised  his  terms,  insomuch  that  on  one  section  the  Company  paid 
him  the  abnormal  sum  of  tenpence  per  mile  run — not  unreasonable. 
For  thout^h  the  Comjuany  nnticii>ated  that  not  more  than  three 
horses  would  be  re(iulred  to  work  the  system  at  any  point,  it  was 
found  that  for  working  on  the  steepest  gradients  -  on  Leith  Walk, 
North  Bridge,  and  Portobcllo  Road — four  hor^t-s  were  retjuirefl. 

In  1874,  the  Comi)any  terminated  the  coiitra(  i  iur  horse  power, 
aoiuired  all  the  hoiscs  belonging  to  the  contractor,  and  (om- 
menced  to  horse  the  lines  themselves.  Tin-  dhcc  paid  for  the 
horses,  at  a  \ aluation,  was  only  £^z'6  per  horse.  Tlie  horses  were 
not  suited  for  the  service,  and  it  was  not  till  the  year  1876 
that  the  horses  thus  a(  (juired  at  a  valuation  were  replaced 
by  others  suited  to  the  work.  On  some  of  the  gradients  the 
labour  is  excessive,  and  the  horses  are  very  sorely  tried.  From 
the  gradients  in  Leith  Walk,  averaging  i  in  32 — of  which  the 
maximum  gradient  is  i  in  14 — the  horses  are  shifted  every  few 
months  to  another  and  easier  section,  on  which  there  is  no  steeper 
gradient  than  i  in  25,  They  begin  to  recover  strength  after  having 
been  worked  for  some  time  on  the  easier  gradients,  and  they  are 
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again  placed  on  the  severer  inclines.  "  lUit  for  siu  h  a  rotation  ol 
duty,  the  horses,"  saiil  Dr.  Wood,  the  chairman  of  the  Company, 
"  would  not  last  at  all.  As  it  was,  they  lasted  a  shorter  time,"  he 
believed,  than  in  most  other  towns,  and  it  was  extremely  difficult 
to  keep  them  in  condition/' 

The  average  cost  for  horse  power  in  the  year  1876,  worked  by 
the  Com]  atiy.  amounted  to  7^d.  per  mile  run  by  cars,  which  is 
probably  the  higiiest  rate  of  cost  in  this  country  for  tramway  work. 
Naturally,  the  number  of  miles  run  per  horse  is  less  in  Edinburgh 
than  elsewhere.  It  amounts  only  to  5*80  miles  per  day  of  313  in 
the  year. 

The  miles  run  during  the  two  years  ending  June  30,  1880, 
were  1,592,679  miles.  The  total  receipts  amounted  to  ^£133,669^ 
or  at  the  rate  of  ^£89  per  mile  per  week,  and  187  per  mile  run. 
The  horsing  expenses  were  at  the  rate  of  8d.  per  mile  run.  The 
cost  for  maintenance  of  way  and  works  amounted  to  ^6,576,  or 
to  ^£245  per  mile  open  per  year,  or  about  id.  per  mile  run.  But, 
for  the  last  year  alone,  to  June  30, 1880,  the  expenditure  on  the 
way  amountefl  to  ^4,101,  or  jCso-j  per  mile,  or  1*2 2d.  per  mile 
run.  This  excessive  expenditure  was  incurred  in  renewing  the 
way  in  Princes  Street,  Leith  Street,  Catherine  Street,  Leith  Walk, 
and  Great  Junction  Street,  Leith,  after  having  been  open  for 
eight  or  nine  yeats. 

Here  follow  particulars  of  capital,  working  expenditure,  receipts, 
&.C.,  for  the  three  years  1889 — 1891 


Capital  ExpENDircKB  for  Three  Years  1 889-- i 891. 


>.  - 
u 

•>  «■ 
—t 

1 

Total  1 

Miles 

— 

C  - 

■A 

Year. 

Opru  .it 

Dec.ji. 

—  c 

J?  a 

tt 
s 

'3 
A 

w 

<« 

0 

3 
C 

S 

Horwt 

Tout. 

p..r 
nnle 
oprn. 

1H90 

181 

£ 

4 1 .  ^  2  > 
4«T.W5 

£ 

ai5.C67 
2ia.47X 

C 

Si  S9o 

c 

I  1.07  • 

£ 

1  i.a*S 

c 

4a,5«» 

£ 

302.023 
394  747 

£ 

ao,44i 
,  ai.tik) 

Digitized  by  Google 


EDINBURGH  TRAMWAYS.  93 


Cars.  Horsbs,  etc.,  at  Dbcbmber  31,  1889^1891. 


1890. 

1891. 

Close  cars     .       •  • 

» 

% 

65 

Canopy  cars . 

• 

10 

Open  cars.    .       .  , 

• 

10 

6 

6 

Omoibuses  . 

xo 

8 

9 

Tourists  coaches  . 

4 

4 

4 

Total  rolling  block  . 

• 

87 

89 

94 

895 

981 

958 

MlLBS  RUN,  RBCBIPTS,  AND  PASSENGERS,  1889— 189I. 


1 

\ear.  1 

Miles  run 
by  cu*. 

Mi1c<  run 
by  omni  - 
buMsasd 
concbv. 

Total  niles 

KrcoiptS 

from 
traffic 

Sundry 
receijiu. 

Total 

Per 
cent, 
of 
capital. 

1889 
1890 
1891 

1,396,904 
1,661,656 
1  1,603,497 

86,739 

60,073 

64,950 

i»483,643 
1,721,729 

1,668,447 

c 

96,316 
113.708 

£ 

5.656 

5.265 
4»8o8 

£ 

101,972 
118.973 
107,825 

Percent. 
26*02 
30*12 
27- 13 

1 

Y««r. 

of  way  open. 

Receipt*  per 
average  mile 
open* 

Rirci|its  pt-r 
itiiie  per  HtH'k. 

Rf<  oipts 
per  mile  run. 

1889 
1890 
1891 

Mil». 
!8l 

£ 
5.603 

6.537 
5>935 

£           1  iVncc. 
1077  16-4 

1257    i  16-5 

ii4'i      1  15*5 

1                          Number  of  passenger*. 

Receipts  from 
passengers. 

Year.  ] 

1  With  can. 

With 

ornni- 
buM». 

With 
coaches. 

With 

work- 
men's car» 

Per 

Total.  mile 
1  mn. 

i  Per 
iotal.  pass- 
enger 

1889  13,603,441 

1890  16,307,488 

1891  ji5,p8i,704 

166,419 
36,297 

247,435 
264,525 

322,606 

180490 
120^372 

'j»i97i735,  9'5r 
16,728,682  974 

«5»404»3i<'  9  75 

1 

£      1  d. 
96,3161  1*62 
113,708  1-63 

103/)! 7.  i*6i 

94  STATIS77CS  OF  TRAMWAYS, 


Working  Expenditure,  1889—1891. 


Item. 

1889. 

i 

Z891. 

i8<)i. 
Propor- 
tional parts 
of  total  ex- 
penditure. 

Expendi- 
tuic  per 

t-.t,,l 
milt:  run. 

Workin^^  expenses  . 
Horsing  expenses  . 
Car,   omnibus  and 
carriage  repairs, 

anil  t*A«^/kiftfalA 

Maintenance  of  way 

General  clinr^,'"es 

15.160      20.275  19,108 

.i7»957    42»«o  42,892 

1 

3.797     ,       4.572  3.989 
4.869           4,673  4,597 

7,if^      8,237  8,697 

Per  cent. 
24-09 

5425 

5'oi 

574 

lO'gi 

Pence. 
•56 

•66 

1-24 

Total  expenditure . 

''S.931    79.877  79283 

loo-oo  j  ii'jd 

Total  expenditure 

per  mile  open 
Do.  per  total  mile 

run 

Do.  per  cent,  of  re- 
ceipts . 

3.788 

IVnc  e. 
1114 

67*55 

4*388 

Pi"n<:c. 
HI3 

67-14 

4.356 

Penf*». 

IV  id 
74*48 

*  • 
* « 

•  * 

The  "working  "  expenses  include  the  wages  of  drivtrrs  and  trace- 
boys  or  pole-shifters.  The  horsing  expenses  are,  of  course,  by  so 
much  reduced,  and  they  cannot  be  directly  compared  with  the 
earlier  costs  for  horsing. 

HoRsiNu  Expenses  for  Half-year  ending  December,  1S91. 

Per  total  mile  run. 


£ 

Pence. 

Provender  and  litter  .... 

.  14,222 

403 

Stable  wages  and  expenses 

.  3.650 

1-03 

Harness  

295 

•08 

Horse-shoeing  

986 

•28 

Stable  and  machinery  repairs  . 

220 

•07 

Renewal  of  horses  .... 

2.229 

•63 

Total 

.  21.602 

6*12 
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Ho&swc  Expenses  per  IToksi  per  Week  for  Half-year 

ENDING  DECEMUBR,  189I. 


1 

Per  burs«. 

Per  bor»c. 

1^  horse 
per  week. 

1 

£, 

«. 

». 

d. 

Provender  and  litter  . 

14 

16 

10 

11 

5 

Stab!c  wages  and  expenses 

3 

16 

-> 

2 

10 

Harness     .       .       .       •  . 

0 

6 

*» 

0 

Horse-shoeing^  ,      .      ,  . 

I 

0 

7 

0 

Stable  and  machinery  repairs  . 

0 

4 

0 

2 

Renewal  of  horses 

3 

6 

6 

t 

Total 

22 

JO 

II 

17 

4 

HoRSB  Renewals  in  1889—91. 


■ 

1 

In  vtock. 

Added. 

Renewed.  ^ 

June,  1889 
!    Dec,  1889 
Tune,  1S90 
Dec,  1890 
June,  1891 
Dec.,  1891 

•  • 

•  * 

•  • 

•  • 

892 

IOJ2 
981 

30 

3 
137 

•  . 

8 

98 
91 

•  « 

58 

79 
91 

Averages  . 

1 

■  • 

30 

69 

Mileage  run  and  Repairs  of  Cars,  1889—91. 


A 

Aver.ij;«* 

MQetnui. 

(   1  'S'  1'  T    r  ■'[!  1  •  ■  S  '■\ 

<  .1  ■      '  •r;.  1. 1    : ;  V   ■, , 

By  omnibuset 
tad  cMcbti*, 
he. 

Total. 

Total. 

vch  \  - 
cle. 

I',  r 
I.  t.J 
r  1  L  i.  ■ 

run. 

\ 

Omni 

1 

Prr 
car. 

l-.T 

cle. 

Total  for 
can,flu:. 

J',  r 
day 

\X 

M.Irs. 
(.1  6  Dot 

Mi:.'s. 

Miles.  Miles. 

f6.739  i  5.98* 
<0^J  ,  4,806 

Mika, 
«.4*3.t»43 

1.660,447 

Miiet. 
4,065 
4.71  . 
4.5,1 

3.797 

; .  -  '11 

£ 
43"7 

5'M 
40*8 

i'ence 
•61 

■56 
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Maintexance  of  Way,  1889—91. 


Yaw. 

Avrrajfc 
length  upcu. 

Cost  for  mataleoaBce  of  tmy. 

Total. 

P*r  mile  of  |  Per  sq.  yard 
way.       j     of  way.* 

Per  mile  run 
by  cars. 

1889 
1890 
1891 

Miles. 

C 

4.H69 
4.673 
4.597 

256 
264 

Pence. 

6*42 

6*14 

6*33 

Pence. 

'77 
•65 
•66 

*  Allowing  10,000  tq.  >'ards  for  lineal  mile. 
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CAPITAL.  RECEIPTS,  AND  WORKING  EXPENDI- 
TURE OF  THE  ABERDEEN  DISTRICT  TRAMWAYS. 


Cafitxl  ExFSNDirniix,  1889—1891. 


T«tol. 

Per  mile 

open* 

;  1889 
1890 

1  »«9i 

in.  cb. 

9  4 
9  4 
9  4 

„  £ 
8,335 

8,689 

9»o43 

£ 

39i20i 
39,201 

39*2^5 

2,^70 
2,410 
2,660 

£ 
3,024 
2,460 

3*700 

368 
430 

£ 

53.613 
54.128 

5S,ii8 

£ 
5»924 
5.981 

6,090 

NuMBBR  OF  Horses,  1889— 1891. 

June  30, 1889   165 

Dec.  31, 1889   t6i 

June  30,  1890  .      .      ,      ,      .      .  !;'') 

Dec.  .^i,  1890   173 

Juoe  30,  1 891   184 

Dec.  31, 1891   185 


Receipts  and  Passengers,  1889—1891. 


1889 
1890 
1891 


TnAc 
fooeiptc* 


£ 

15.345 
16,637 

17.368 


Sundry 
receipts. 


£ 

712 

722 
77^ 


Total 
receipts. 


£ 

16,057 

17.359 
18,139 


j  Percent. 
I  of  capital. 


Per  cent.  | 
,  30*0 
321 

'  33*0 
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1  Year. 

Length  open.  ^  ^J^f^J 

Receipts  per 
niie  per  week. 

1889 
1890 
1891 

Miles,  chains. 

9  4 
9  4 
9  4 

£ 

1774 
1,918 
3.004 

68^23 

7376  , 
7707 

Yov. 

NoBilMr  of  pMMii(en> 

■ 

Reoi^  fit»  paneatgen.  1 

Total. 

Per  dAjof  jl$5. 

Total. 

PerpaaiMifer.  { 

1889 
1890 
189I 

3,023,932 

3.271,507 
3.430.449 

8.284 
8,963 
9.396 

£ 

15.345 
16,637 

17.368 

Pence. 
I-2I 
1*22 
1*23 

Working  Expenditure,  1889— 1891. 


1991. 

1889- 

1890. 

Total. 

■ 

Proporlionui 
part  of  total 
eapeodHure. 

Working  expenses, 
including  \va<(es  of 
conductors,drivers, 
&c. 

Horsing  expenses  . 

Repairs  . 

General  expenses  . 

3.432 

5.445 

909 

1,269 

£ 

3,5" 

5.905 

850 

1.287 

£ 

3.777 
6,921 

922 

1,522 

Per  cent. 

2874  1 
52*66 
7*02 

11*58 

Total  expenditure  . 
Do.    per  mile  open. 
Do.    per  cent,  of 
receipts. 

".055 

(,211 
68-84 

11.553 
1.276 

66-55 

13.142 
1.452 

72-45 

lOO'OO 
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HORSING  Expenses^  Half-tear  ending  Dscbhber  31, 1891. 


Tfltal. 

F«r  hone  per 
balfyear. 

Perliorte  per 

Forage 
Condimeiit  • 
Coals  .... 
Stable  furnishings 
Horse-sboetng  . 
Stable  wages 

C 

a»903 

13 
18 

31 
217 

567 

C     s.  d. 
15  13  10 

0    I  5 

0  I  JI 

034 

1  2  4 

3   I  3 

s.  d. 
12  I 

0  of 

0  1 
0 

v% 

3»749 

21  01 

15  7i 

Repairs,  Half-tear  ending  December  31,  1891. 


Proportion  uf 

total. 
Per  cmt. 

=  xi*68 

Repairs  to  harness 

£ 

•  53 

cars  , 

.  244 

«  5374 

f»          buses  . 

11 

=  2*42 

>,  buildings 

37 

=  8-15 

implements. 

9 

=     I  98 

permanent  way  . 

100 

=  22*03 

Total  .... 

•  454 

88  lOO'OO 

Maintenance  of  Way,  1889—91. 


Tew. 

Ifalateiiaiiee  of  wey. 

Length  open. 

Tetal. 

Per  mile  of  way. 

Far  Mure  yard 
of  way.* 

1889 

1890 
1 891 

Miles. 

9^ 

257 
238 

£ 
207 

28-3 

26'2 

Pence. 

■n 

•62  j 

•  Allowing  10,000  »q.  jarda  per  lineal  mile. 
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CHAPTER  X. 

PROPERTY,  RECEIPTS,  AND 
WORKING  EXPENDITURE  OF  THE  BLACKPOOL 

ELECTRIC  TRAMiVAK 

Property  belonging  to  the  Company,  October  31,  1891. 


Tram  shed  

£ 

.  2,566 

Engines,  generators,  motors,  &c. 

•  3.343 

Centre  channel  and  electrical  fittings  . 

•  8.435 

12  cars,  turntable,  and  traverser 

.  2,157 

MtsoeUaneous  capital  expenses  . 

641 

Total 

Miles  run.  Receipts,  and  Passengers,  for  Years 

1890, 1 891. 


Year. 

Miles  nia  by  c.irs. 

1 

Traffic 
i  receipts. 

1 

Adver- 
tUing. 

1 

Interest. 

Totdl  rotfipts. 

1890 
1891 

t  92,000 
1  98,000 

!  £ 
1  6,281 
1  7.038 

£ 

183 
203 

£ 
27 

£  ' 
6,491  1 

7.241 

Year. 

LcBftb 

Kecoipta  p«r 
mile  open. 

Recdpti  per 
mile  per  wmk. 

Receipts  per  car. 

Receipts  por 

1890 
1891 

MiiM. 

3 
2 

£ 

3.245*5 
3.620*5 

.£ 

62-j 

69*0 

649-1 
603-4 

Pence. 

16- 38 

17-  23 
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Number  of  psuscwgen. 

Receipts  from  passengers. 

Totil. 

Per  I  .ir. 

Peri  arper 

fliy  of  y-f . 

Per  mile  Total. 

r  '.  1  I  1  . 

I'tT  paas'-nger. 

1890 
1891 

812,299 
933.652 

81,229 
77,804 

223 
212 

8-82 
9*52 

6,281 

Pence. 
184 

i'8i 

Year. 

NnBber 
of  can. 

ICIm  rott  by  cm. 

Total. 

Bardajof  jtiS* 

Par  car. 

F«r  car  per  day 

of  365. 

1800 
'  1891 

10 

Miles. 
92,000 
98,000 

Milee. 
252 
268 

Miles. 

9,200 

8,166 

Hiies. 

25*2 

22*3 

Working  Expsnditurb,  1890, 1891. 


Repairing  ceotie  channel  (labour  and 
materials)  .... 

Electrical   fittings   (repairing  arma 
tures,  &C.)  .... 

\MieeIs  for  cars,  chain,  caat  bosses  and 
cog  rims,  &c.  .... 

Plumbers'  work  at  water  connections 

^k.  c»»         •         •         •         •  • 
R  L' p i ring  roadw.i y  fo r Corpo rati o n ,  b e 

tween  rails  and  ins.  outside  thereof 
Wages  of  drivers,  conductots^dieckers, 

engineers,  stokers,  &c*  • 
Coal,  coke,  oil,  cotton  waste,  &c 
General  charges  . 


Total  expenditure 

Do.  per  cent,  of  receipts 
Do.  per  mile  open  • 

Do.  per  mile  run  . 


1890.' 

C 

126 

170 

147 
23 

"3 

1.778 
281 

1.994 


t 


032 
4-18 
2,010 

Nnce. 
10*5 1 


I  t9i. 

Propor- 
tion of 
total. 

fjar 

£ 

Percent. 

Pence. 

3*47 

35 

192 

4*57 

•48 

135 

3*22 

•33 

1-88 

•19 

189 

4*51 

•47 

1. 33 1 

291 

34-14 
41  29 

3*28 
•71 
4*44 

4,191 

59*91 
2,095 

Pence. 
1025 

lOO'OO 

10-25 
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LONDON  GENERAL  OMNIBUS  COMPANY. 

The  nianageaient  and  experience  of  the  London  General  Omni- 
bus Company  having  been  long-continued  and  successful,  it  will 
be  well,  in  the  first  ]jlacc,  to  epitomise  some  of  the  lesuits  of  their 
experience,  drawn  from  their  half-yearly  reports. 

In  1875 — ^  considerable  proportion  of  the  business  of  the 
Company  consisted  in  supplying  horse-power  to  the  North 
Metropolitan  Tramways  Company.  It  is  not  possible,  therefore, 
to  deduce  from  the  accounts  the  net  cost  for  omnibus  service.  The 
following  epitome  contains  all  that  can  usefully  be  abstracted  for 
comparison  with  the  accounts  of  tramway  companies : — 

Capital  Accoxtnt,  Traffic,  Receipts  amd  Expenditure, 

1875,  1876, 

i87S«  1876. 

£  £ 

Capital  in  property,  leases,  and  building's  .  73«8o8  73>8o8 
Stock-in-trade— omnibuses,  horses,  harness, 

goodwill,  and  appurtenances       .      .      .    522,116  531*540 

'  Total  £$9S*m  ;^595.54« 

Omnibuses  :— 

Miles  run  11,619,606  11,806,956 

AverasTTc  number  of  omnibuses  on  daily 

duty  on  week  days        ....             564  568 

Ditto  on  Sundays                                         460  470 

Ditto  for  seven  days  a  week    .           .           550  554 

Miles  run  per  omnibus  on  duQr  per  year  •       3i»i30  21*320 

Number  of  passengers  carried  by  omnibuses  49,720,038  5'»i57>946 

Ditto  per  mile  run                                             4*28  *  4*33 

Average  number  of  horses      ...         7*913  7*893 
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Receipts:—  '5*" 

Ordinary  omnibus  traffic  and  hire    .       .  537.905  544,056 

Horsing  tramway  cars     .      .       .       ,  106,194  100.573 

Mannte  and  advertising  ....  9>447 

Total  Receipts    .      .      .  ^£653^546  ^^653,641 

Receipts  per  cent,  of  capital  io  property  at 

the  end  of  the  year       ....  109*6  7©  ***9*S  7» 

Receipts  from  omnibus  traffic  per  omnibus 

•nduty   j^978  £^%% 

Ditto  per  day  (J65)   ^^1,474  li.o^^i 

Ditto  per  omnibus  per  day                 .  £t  13B.  7d.       138.  6id. 

Ditto  per  mile  run   jfiid.  ii*05d. 

Ditto  per  passenger   2'6od.  '  2*55d. 

Average  Working  Expenditure  fbr  two  years,  x875<-76. 

Miles  run  per  year,  11,713,281. 

IMrect  expenditure : — 

Horsing,  including  renewal  of  horses 

(7,903  horses)   ^^404,6 18 

Ditto  per  horse  

Maintenance  of  omnilmses  and  aprons  .  j^29f43t 

Ditto  ditto  per  omnlbtts  on  duty,  553  ;^53'3 

Ditto  ditto  per  mile  run     ....  0*6od. 

Traffic  charges,  including  wages  of  drivers 

and  conductors     .....  ;^ii5,883 

General  charges,  including  rents     .      .  ;^27,4io 

Total  

Contingent  expenditure 

Rates  and  taxes   £2,776 

Excise  duties  and  licenses              ,  £ZtS^ 

Compensation  and  law  charges  connected  Per  mile  ma. 

therewith   ;^3»620  or  '047d. 

;^8,98s 

Total  expenditure      .      .  ^586,324 
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The  numbers  of  new  ommbuses  that  were  constructed  as  re- 
newals of  omnibus  slock  in  the  course  of  two  years  was  as 
follows 


Half-year  ending  Jnne,  1875   .                  •  *  9 

Ditto  December,  1875   11 

Ditto  June,  1876   14 

Ditto  December,  1876   15 

New  omnibuses  in  two  years  .      .  -47 


The  mileage  run  by  omnibuses  during  tlie  same  period  amounted 
to  23,426,562  miles,  equivalent  to  498,440  miles  ])er  omnibus 
replaced.  The  life  of  an  omnibus  was  therefore  deducible,  in 
round  numbers,  as  500,000  miles  Aj^j^riin,  the  average  annual 
numlier  of  miles  run  i)er  omnibus  on  daily  duty  was  21,725  miles. 
If  it  be  taken  at  21,000,  a  round  number,  the  average  life  in  years 
of  the  omnibuses,  supposing  that  they  were  on  duty  every  day  con- 
tinuously, would  be  twenty-four  years.  But,  necessarily,  they  are  off 
duty  for  rqisirs  from  time  to  time ;  and  though  the  accounts  did 
not  show  how  many  surplus  omnibuses  there  were  in  stock,  it  may 
be  assumed,  for  present  purposes,  that  80  per  cent  of  the  whole 
number  was  on  daily  duty,  and  20  per  cent,  or  a  fourth  more,  was 
in  reserve  and  under  repair.  Adding,  coire^ndingly,  a  fourth  to 
the  number  of  years  above  found,  thirty  years  is  arrived  at  as  the 
actual  life  in  time  of  an  omnibus. 

The  length  of  the  lives  of  the  horses  contrasts  unpleasantly  with 
the  length  of  life  of  the  omnibuses.  The  average  total  number  of 
horses  and  the  number  of  carcases  and  living  horses  sold  when 
unfit  for  duty,  during  the  years  1875-76,  were  as  follows: — 


AvoraRc  total  Number  I'l  r  >  ent. 

Year.         number  ot  horses.  sf.ld.  ot  total. 

1875  7.9^3  i>S89  23-9  per  cent 

1876  7^893  1.774  airs  » 

Averages .   7,903  1,832  23-3  „ 


showing  that  upwards  of  23  per  cent  of  the  stock  of  horses  were 
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old,  and,  of  couise,  replaced  per  year.  From  these  data  it  follows 
tbat  the  whole  of  the  stock  of  horses  was  renewed  in 

100 

—  =4-31  years; 

and  that  thus  the  life  of  an  omnibus  horse  was  4  -31  years ;  varying 
from  4*2  years  in  1S75  to  4  44  years  in  1876. 

Mr.  A.  G.  Church,  the  late  geneml  manager  and  secretaay  of  the 
Company,  stated,  on  an  extended  basis  of  experience,  that  the  life  ot 
a  horse  varied  6mn  four  years  to  four  and  a  half  years  in  the  service ; 
four  years  on  tramway  service,  and  four  and  a  half  years  on  omnibus 
service.  The  shorter  life  of  the  tramway  horse  was  easily  accounted 
for  by  the  greater  effort  required  to  start  a  tramway  car,  in  conse* 
quence  of  the  greater  mass,  rigidity,  and  weight,  compared  with  the 
condition  of  an  omnibus ;  together  with  the  greater  frequency  of 
the  stoppages  to  which  the  tramcar  is  .subject,  arising  from  the 
greater  number  of  passengers  carneu  by  the  uir,  aiul  h  um  the  num- 
ber of  stoppages  incurred  in  addition  by  the  occasional  blockage 
of  the  iranuvay  Ly  other  vehicles.  The  frequently  repeated  efforts 
required  of  the  horses  to  start  the  cars  tell  disastrously  upon  their 
condition  ;  for,  although  the  resistance  to  a  tramcar  on  a  tramway 
is  much  less  }jer  ton  than  the  resistance  to  an  omnibus  on  a  com- 
mon road,  yet  the  effort  of  traction  required  to  start  a  tramcar  is 
much  greater  than  that  for  an  omnibus.  The  greater  frequency  ol 
the  stoppages  of  the  tramcar  for  passengers  than  of  the  omnibus 
was  proved  by  the  greater  number  of  j  a  ;  cnL^ers  per  mile  run  by 
the  car,  which  amounted  to  about  7^  passengers  per  mile  run  on 
the  North  Metropolitan  Tramways — worked  by  the  Onuubus  Com- 
pany— and  to  only  4*30  passengers  per  mile  nm  by  the  omnibus.  It 
is  very  probable,  taking  into  account  extra  stoppages  by  the  car 
and  by  the  omnibus,  that  the  former  was  stopped  and  started  at 
least  twice  as  frequently  as  the  latter. 

There  is  a  significance  in  the  correspondence  between  the  num- 
ber of  horses  sold  and  replaced,  and  the  receipts  from  omnibus 
traffic  and  the  horsing  of  tramway-cars  in  the  two  years  1875 
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1876.  Thus,  in  1876  the  receipts  from  omnibus  tEafficweie  about 

;^6,ooo  greater,  and  those  from  tramways  were  about  the  same 
amount  less  than  in  1875.  '^^^  easement  was  made  apparent  in 
the  smaller  number  of  horses  sold  in  1876 :  it  was  1,774  as  against 
1,889  sold  in  the  previous  year. 

'ilic  proi)ortional  number  of  carcases  and  living  horses  sold 
during  the  year  ending  June  30th,  1876,  were : — 


showing  that  two-thirds  of  the  horses  that  were  sold  either  died  or 
were  worn  out  in  the  service  and  that  a  third  were  sold  as  only  fit 
for  agricultural  work — ^too  weak,  or  affected  with  bent  knees. 
From  the  results  of  more  extended  data,  Mr.  Church  stated  that 
the  proportion  of  carcases  and  living  horses  sold  were  about  60  per 
cent  and  40  per  cent  The  horses  were  purchased  at  about  the 
age  of  five  years  for  about  £^0  each,  and  they  were  sold  when 
worn  out  for  or  £10,  For  agricultural  service  they  fetched 
on  re-sale  sometimes  as  much  as  ;£i6,  £l^t  or  £iZ„ 

The  horses  were  fed  almost  entirely  with  maize  j  oats  as  a  staple 
of  food  had  been  abandoned.  The  following  were  the  quantities 
and  the  costs  of  provender  for  the  half-year  ending  December  31 » 
1876,  including  the  cost  of  preparation,  cartage,  lighterage  and 
expenses  at  the  depots : — 


i»2o8  carcases 
676  living  horses 

1,884  sold 


or  65  per  cent, 
or  35 


100 


•  « 


Quarters. 


C  d. 

1  3  9 
..182 
.,287 
f»  o  II  I 


1,685  18  5 

»»237   7  9 

1,769  19  7 


49,179  maize 
921  beans 
3, 197  bran 


Loads. 


4,399  hay  and  clover  . 

8,618  straw 

Sundr)'  and  ^rass  farm 


,666 
,263 


27,828  II  II 
19,947    I  6 
141  17  o 


122,928  9  8 
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The  weight  01  the  grain  consumed  was  as  follows :— 

Ton!t.  cwts.  qrs.  lbs. 

Oats,  1,419  quarters      .      .      .       192  11     2  8 

Maize,  49,179   ,  10,538  7  .0.16 

Beans,  921       „  .                        205  11    2  12 

Total  weight  .   10,956  10    i  8 

The  average  cost  for  provender  consumed  by  each  stud,  includ- 
ing the  expenses  in  connection  with  the  provender  department, 
was  ^174. 

It  appears  from  the  foregoin:;  siatcment:>  ihai  ihe  total  cost  for 
luaiiitenance  and  renewal  of  horses  was  ^^51  4s.  per  year  j)er  horse, 
or  about       per  week. 

The  reports  of  the  Omnibus  Company  for  the  i)ast  three  or  four 
years  (writing  in  1878)  comment  upon  "  the  dcijlorable  state  of 
the  main  thorouglifares  m  the  eastern,  southern,  and  northern  parts 
of  the  meiru]  jIi  ,  which  were  destructive  of  the  wheels,  springs,  and 
under  carriages  of  ordinary  vehicles.  The  cost  for  wheels  alone 
for  the  Company's  omnibuses  increased  from  £,c)  los.  per  omnibus 
per  year  to  ^15  per  year  since  the  introduction  of  tramways. 
Valuable  horses  have  constantly  been  injured  by  straining  and 
sUppine  on  the  rail^." 

Commg  now  to  the  operations  of  the  Company  in  more  recent 
years — the  two  years  endmg  June  30,  1S90-91 — the  working 
capital  expenditure  was  as  follows : — 

Capital  Expenditure  at  June  50,  X891. 

JLand,  buHdiagt,  and  leaseholds  .  100,159  > 

Omnibuses,  horses,  harness,  &c.  .      .  580,661 

Gas  and  water  fittings     .       .  ...  3.908 

Stable  fittings  and  stt  rt:.         .  .       .  6,553 

Office  furniture  and  £xL ares     .  .       .  i,oi& 

Total  ^£692,297 
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On  June  ;^o.  1891,  there  were  9,796  horses  ;  the  average  price 
paid  during  the  half  year  was  ^35  is.  lod.  per  horse;  797  car- 
cases and  440  living  horses  were  sold. 

The  gross  receipts  in  the  half-year,  with  other  particularsi  were 
as  follows : — 

c 

Ordinary  omnitnis  traffic  aod  private  hire  .  318,295 

Advertising  in  and  upon  omnibaseB  71^90 
Manure  ifi94 

.  Total  3*6»779 


1891. 

The  number  of  passengers  carried  by  omnibuses  was  .  53*843,477 
The  average  number  of  omnibuses  working  on  week 


days   860 

Ditto  on  Sundays   735 

Ditto  receipts  for  passengers  per  omnibus  per  week  was  ^  1 4  1 6s.  od. 

Ditto  bre  per  passenger   i'42d. 

Ditto  earnings  per  mile  run  8*49d. 

Total  number  of  miles  run  9*001,330 


WoKKi^a  Expenditure,  Half-year  emdikg  June  30,  1891. 

PeriBL*« 


C  Pence. 

General  expenses      .      .      .  18,611  '49 
Traffic  ditto £ 

Yard   34ii29>         ^"  ^  ^ 

Maintenance  ditto  :— 

Horse  stock  ■      ....  175,686 

Omnibus  ditto    ....  21,200 

Aprons   656 

Harness  and  stable  uteosiib      .  6,189 

Furniture  and  fixtures       .      .  569 

Yard  stock   639 

Subles,  offices,  &c.  .  3,679        209,4x9  5*58 

Total     .  347*^11        9' 16 
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X*ROV£KDER,    INCLUDING     COST    OF    PREPARATION,  CaRTAGE, 

Lighterage,  and  Depot  Expenses  for  Half-year 
ENDING  June  30,  1891. 


Qaa.rters. 

£ 

s.  d. 

£ 

16,173 

.  at  I 

0  0 

i6,i7» 

7,244  beans  and  peas 

•    if  I 

14  4 

13,431 

^,016  maize  . 

.  1 

7  7 

66,277 

3,576  bran  . 

0 

9 

1,780 

Loads. 

4,956  mixture 

•  3 

4  0 

15.852 

4,2x0  atnw 

.  I 

14  i\ 

Sundiy 

*  • 

•  • 

33« 

Total  1 20,028 


According  to  Mr.  C.  T.  Bray,  each  omnibus  is  allowed  from 
10  to  1 1  horses  a  day.   To  keep  it  running  for  from  12  to  14  hours 
5  |)airs  of  horses  are  worked,  leaving  i  rest  horse  at  the  yard.  On 
Sundays,  only  4  pairs  are  working.    There  arc,  in  all,  about 
10,000  horses.    The  average  daily  mileage  run  is  14  miles.  The 
average  life  is  from  4.V  to  5^  years.    Two  horses  are  sold  for  ever)' 
one  that  dies,  or  is  killed.    It  is  a  hard  life  ;  the  mischief  is  the 
continuous  and  frequent  starting.    It  is  the  strain  in  setting  a 
heavy  omnibus  in  motion  that  tells.   The  omnibus  weighs  33  cwt. 
When  flill  inside  and  out  there  are  27  persons  in  and  on  the 
onmibus,  besides  the  driver  and  conductor,  making  an  average  of 
about  3  J  tons.    As  to  accidents,  very  few  horses  are  seriously 
damaged  by  ^Uling  on  slippery  pavements,  of  which  asphaite  is 
the  worst. 
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CHAPTER  I. 

THAMWArS  IN  THE  METROPOLIS, 

Systems  of  tramway  like  those  of  Liverpool  were  adopted  in  the 
construction  of  the  earlier  portions  of  the  tramways  which  were  laid 
in  London,  under  Mr.  George  Hopkins,  as  engineer,  comptising 
the  greater  part  of  the  North  Metropolitan  Tramways,  of  which  the 
first  section,  from  Whitechapel  to  Bow,  was  opened  in  May,  1870 ; 
'and  the  original  Metropolitan  Street  Tramways  (now  a  part  of  the 
system  of  the  London  Tramways  Company),  5^  miles  long,  from 
Westminster  Bridge  to  Brixton  Church,  Stock^Mll.  Clapham 
Common,  and  Brixton  Hill,  also  opened  in  1870.  The  rails  were 
of  the  form  and  section  of  the  Liverpool  rail,  4  inches  wide,  and 
if  inches  thick,  weighing  45  lbs.  per  yard.  The  system  of 
construction,  shown  in  Fig.  23,  was  similar  to  that  at  Liverpool. 
The  stone  pavement,  or  the  macadam  of  the  street,  was  taken  out 
for  a  width  sufficient  for  a  double  line,  or  a  single  line  of  tramway, 
as  the  case  might  be,  including  a  clear  space,  2  feet  wide,  t^eyond 
the  outermost  rails ;  and  for  a  depth  of  about  9  inches,  which  was 
the  depth  of  ordinary  setts  in  the  metropolis.  In  the  open 
ground  thus  exposed,  longitudinal  trenches,  about  9  inches  deep 
and  16  inches  wide,  were  excavated,  corresponding  to  the  position 
of  the  rails  and  the  longitudinal  sleepers  by  which  they  were  to  be 
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supported.  These  trenches  were  filled  with  concrete  made  with 
Portland  cement,  or  with  hydraulic  lime,  mixed  with  river  ballast, 
and  made  up  to  the  level  of  the  excavated  ground,  to  form  longi* 
tndinal  foundations  for  the  rails.  The  sleepers,  4  inches  wide  and 
6  inches  deep,  were  laid  in  cast*iron  dip  chairs,  by  means  of 
.which.  With  box-iron  cross-ties,  dove-taOed  at  the  ends,  the  gauge 
was  maintained.  The  rails  were  spiked  to  the  sleepers  by  vertical 
spikes  through  the  groo\'es,  with  countersunk  heads,  and  the 
structure  was  levelled  up  by  concrete,  packed  under  the  sleepers, 
to  fonn  a  foundation  for  the  paving  stones,  and  these  were  bedded 
on  a  layer  of  sand,  and  grouted  and  rammed. 

The  dove-tail  tie-bars  proved  to  be  of  litde  use ;  they  were 
liable  to  rust  away,  and  were  wanting  in  precision,  for  unless  the 


Fig.  22.   North  Metiopolitan  Tramway  and  London  Tramways. 

First  lines.  Scale 


dove-tailings  had  been  tightly  and  exactly  fitted  so  that  the  chairs 
would  have  been  prevented  from  shifting  either  inwards  or  out- 
wards, the  transverse  connection  was  not  sufficient  to  maintain 
the  rails,  when  the  support  afforded  by  the  pavement  was  removed 
or  impaired.  Besides,  tie-bars  placed  between  the  paving  sets  are 
in  the  way,  and  interfere  with  the  convenience  for  paving.  Again, 
tie-bars  laid  in  dove-tails  in  brackets,  like  those  just  described, 
work  gradually  to  the  surface,  and  even  above  the  level  of  the 
paving.  In  such  a  contingency  they  are  removed,  which  is  the 
best  thing  to  be  done. 

Moreover,  the  flat  rail  ,  and  the  vertical  spike  or  bolt  fastening 
luake  a  defective  combination.  It  is  scarcely  necessary  to  say 
that,  at  best,  the  form  of  the  flat  rail  combined  the  maximum  of 
material  with  the  minimum  of  strength  and  stifihess,  whilst  the 
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vertical  spike  fastening,  though  it  is  siniple,  and  appears  at  first 

sight  to  have  been  happily  devised,  is  deficient  in  strength  and  in 
durability,  and  contributes  nearly  nothing  towards  tlic  union  of 
the  rail  with  the  sleeper.  The  rail,  especially  at  the  joints,  is 
liable  to  spring,  and  the  spikes  with  their  shallow  countersunk 
heads  and  hmited  bearing  surface,  are  liable  to  yield  and  to  wear. 
The  spikes  in  conse(|uence  are  gradually  loosened,  and  die  heads 
are  lifted,  and  torn  or  broken  off.  The  spike  heads  are  further 
exposed  to  damage  from  the  wheel  flanges,  which,  like  the  rail, 
become  worn,  ground  in  the  groove,  and  occasionally  split  the  rail. 

Wherever  there  is  vertical  movement,  of  course  an  entry  for 
water  is  made,  pumping  action  ensues,  and  rain  water  ultimately 
sinks  through  the  spikeholes  and  by  the  sides  of  the  rails,  and 


Fro.  aj,  Punlko,  Peckham,  and  Grcenmch  section  of  London 

Tramways.  Scale,  j^. 

rises  to  the  suiiace  laden  with  sand  and  other  detritus.  The  rails 
and  sleepers  are  gradually  undermined,  the  sleepers  are  defonned 
by  blows,  and  the  vertical  instability  is  by  so  much  increased. 

With  a  vie«y  to  amelibfate  the  difficuldes  of  the  vertical  fastening, 
as  well  as  to  provide  an  iron  tie  of  a  substantial  character  in  place 
of  the  delicate  dove-tails,  Mr.  Joseph  Kincaid,  as  engineer, 
employed  tiansversd  keepers  in  the  construction  of  the  Pimlico, 
Peckham,  and  Greiienwich  secdon  of  the  London  Tramways, 
opened  in  August^  1871.  Transverse  sleepers,  Fig.  23,  were 
placed  in  the  bottom  of  the  excavation,  to  afford  an  increase  of 
bearing  surface  on' the  ground  and  to  receive  the  longitudinal 
sleepers  which  werf  placed  upon  them*  The  transverse  sleqters, 
which  were  placed  at  intervals  of  5  feet  or  6  feet,  also  affozded  a 
substantial  means  of  tying  longitudinal  sleepers  to  the  gauge. 
Instead  of  attachments  in  tension,  like  those  of  the  dove-tailed 
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boiSy  cast-iron  bradcets,  two  to  each  cross-sleeper,  were  employed 
as  abutments,  one  bracket  outside  each  longitudinal  sleeper.  The 
brackets  were  spiked  to  the  longitudinal  sleepers  near  to  their 
lower  surfaces,  whilst  tliey  were  extended  uj)  the  sides  of  the 
sleepers,  to  afford  a  direct,  or  at  least  nearly  direct,  resistance  to 
centrifugal  stress.  By  this  combination,  the  indirc(  tness  of  the 
sleeper  as  opposed  to  lateral  stress  above,  was  liberally  compen- 
sated by  the  general  stiffness  of  the  structure. 

An  additional  fillet  was  applied  to  the  under  surface  of  the  rail, 
Fig.  24,  at  the  outside,  sothat  now  the  rail  was  formed  with  two 
fillets,  one  at  each  side,  that  it  might  be  more  firmly  bedded  on 
the  sleeper  than  the  rail  having  only  one  fillet.  It  was  found 
necessary  not  only  to  provide,  by  the  inside  fillet,  the  means  of 


Fio.  24.  Lmidoft  TnuBtrayt.  Secdoo  of  nil.  Scale  \, 

resistance  to  the  lateral  stress  of  the  cars  through  the  flanges  of 
their  wheels,  but,  likewise,  means  of  opposing  the  lateral  action 
of  cross  strokes  from  the  wheels  of  common  road  vehicles,  which 
tnL?ersed  the  road  in  all  directions.  Hence  the  addition  of  the 
second  fiUet,  at  the  outer  side  of  the  rails.  The  longitudinal 
sleepers  were  carefully  rebated  to  receive  the  rails,  which  were 
filed  to  them,  as  before,  with  vertical  spikes  through  the  groove. 
The  adoption  of  the  double  fillet,  though,  in  fact,  a  reversion  to 
old-established  American  practice,  constituted  an  intelligent  ad* 
vanoe  in  ^iglish  practice  with  the  grooved  rail. 

The  wearing  »uface  of  the  rail  was  slightly  rounded  trans- 
versely, having  about  inch  rise,  by  which  the  thickness  was 
inaeascd  to  iiV  inches,  though  the  motive  for  rounding  is  not 
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obvious.  The  groove  was  made  wider  than  before:  j2  inches 
at  the  surface;  and  it  was  rounded  at  the  bottom  to  a  circular 
form,  thus  at  the  Jnime  lime  strengthening  the  rail  by  the 
substitution  of  a  round  for  a  flat  contour  for  the  grooves,  and 
facilitating  the  dislodging  of  detritus.  The  s|)lay  of  the  outer  side 
of  the  groove  was,  at  the  same  time,  slightly  greater  than  in  the 
previous  rail.  The  new  rail  was  4  inches  wide,  had  a  sectional 
area  of  4^  square  inches,  and  weighed  48  lbs.  j)cr  yartl. 

For  laying  in  the  foundation,  the  surface  of  the  roadway  vva.s 
removed,  and  the  ground  was  excavated  to  a  de|)th  of  from 
12  in<  ]u>  to  14  inches,  to  receive  the  cros>->]eepers.  Alter  the 
longitudinal  sleepers  were  laid  and  fixed,  with  the  rails  complete, 
they  were  brought  up  to  the  required  level  by  concrete  j)acking 
below  the  cross-sleepers  ;  then  the  whole  space  was  filied  with 
lime  concrete  to  a  height  necessary  for  receiving  the  pavement  of 
stone  or  of  asphalte,  whichever  was  to  be  laid,  for,  in  some  parts 
of  the  way,  asjihaltc  was  used  instead  of  granite  for  paving.  For 
asphalte,  the  concrete  was  required  to  be  brought  up  higher  than 
for  stone,  since  it  was  only  from  li  inches  to  2  inches  deep,  whilst 
stone  was  6  or  7  inches  deep ;  and  the  total  cost  of  construction 
was  greater  for  asphalte.  Much  was  hoj)ed  for  from  asphalte  as 
a  pavement  for  tramways.  Experience  has  not  confirmed  such 
expectations.  Asphalte  pavcmt  nt  breaks  away  at  the  borders 
next  the  rails,  as  well  as  at  the  outside,  and  it  must  be  admitted 
that  as  a  foothold  for  horses,  in  starting  the  cars,  it  has  been  a 
dead  failure. 

Mr.  Hantingdon*^  gives  particulars  of  the  contractor's  charge 
for  constructing  the  way  of  the  London  Tramways.  They  may  be 
taken  as  approximate  actual  costs  for  tramways  in  I/>ndon.  The 
gauge  of  the  wa)  is  4  feet  inches  ;  the  interspace  between  the 
lines  is  4  feet.  The  rails  were  fixed  with  i-inch  staples  on  the 
kyanised  longitudinal  sleepers,  21  feet  long,  with  four  transverse 
sleepers,  bolted  with  £-inch  bolts  and  nuts  to  the  gauge.   The  fish* 

•  rrocccdin^s  of  the  Institution  of  Civil  En^inccrsy  vol.  50, 
1877,  page  28,  in  the  discussion  of  Mr.  Robinson  Souttar*s  Paper  on 
Street  Tramways." 
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plates  at  the  joints  were  9  inches  long  and  |  inch  thick,  let  into 

the  longirjdina!  slecjx-rs.  The  sleepers  were  bedded  in  Portland 
cement  concrete,  6  inches  deep,  upon  which  the  paving  was  laid. 

London  Tramways— Sinclb  Line. 

iVr  j*id. 
s.  d. 

Rails,  50  lbs.  per  yard,  ties,  spikes, bohs, Staples*  fishes,  &c., 

rails  at  /  10  Tos.  delivered  10  6 

Timber  creosoicd  and  shaped       .       .      .       .       .  .20 

Rxiag  and  laying,  inclttding  crossings  10 

Uaintenance  for  one  year  6 

Contingencies,  cartage,  lights,  -watching,  waste,  and  catting  i  6 
Risk  and  profit,  10  per  cent  10 

Total     .       .    17  o 
1,760  yards  at  17s.  =;{^  1,496,  say  ^1,500  per  mile. 

The  cost  for  paving  with  granite  stones,  7  inches  deep,  for  a 
doable  road,  with  concrete  bottom,  was  as  follows : — 

Double  Linl. 

Per  aqiUrc  jard. 

a.  tl. 

Gianite  paving  sets,  7  inches  deep,  tramways  18  feet  wide, 

materials  and  labour  11  o 

Concrete,  averaging  6  inches  deep,  including  excavation  and 

removal  of  road  ....•.•.16 

Cootingencies,  grouting,  carting,  watching,  removing  materials 

and  sanding  .........10 

Maintenance  for  one  year      .       .       .       .       .       .  .03 

Risk  and  profit,  10,  per  cent  13 

Total     .      .    15  o 

if76o  yards  x  60  yards  x  15s.  «';^7,920,  say;^S,ooo  per  mile. 


The  cost  for  paving,  single  line,  is  ilic  ubu^c-L^ULii  amount, 
or^4,ooo;  and  the  total  cost  of  the  tramway  is  made  up  thus: — 

I  2 
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Per  mile. 


Way  . 
Paviog 


4,000 


Per  mile,  single  line  .  j^5«soo 


Or;^ii,cx)o  pec  mile,  double  line. 


Extra  works,  crossings,  and  sidings  are  not  included  in  these 

estimates. 

Mr.  Kincaid,  having  in  the  Peckliam  Tramway  proved  the 
advantage  of  the  cross-sleeper  as  a  useful  clement  in  a  timber 
structure,  employed  it  in  the  constiiiction  of  the  hrst  section  of  the 
IvCeds  Tramways— the  line  to  Hcadingley — v/hich  was  opened  in 
October,  1872.  The  gauge  was  4  feet  8.]  mches.  The  ground 
was  excavated  to  a  depth  of  7^  inches — the  depth  of  the  rail  plus 
that  of  the  longitudinal  sleepers — for  the  whole  width  of  the  way  ; 
and  trenches  about  9  inches  wide  >\ere  cut  in  the  excavated 
bottom,  and  filled  with  concrete,  flush  with  the  bottom,  to  carry 
the  steepers.  The  cross-sleepers,  6  inches  wide  and  4  indies 
deep,  were  laid  in  the  concrete  of  the  transverse  trenches  about 
3  feet  apart,  flush  with  the  surface ;  and  thus  a  continuous  level 
foundation  was  formed  for  the  longitudinal  sleepers  and  the  rails. 
The  longitudinals,  4  inches  wide  and  6  inches  deep^  were  fixed  to 
the  transverse  sleepers  by  cast-iron  brackets,  one  on  each  side  ol 
each  longitudinal  sleeper,  spiked  to  both  timbers.  The  rails, 
weighing  47^  lbs.  per  yard,  were  flat  grooved,  4  inches  wide  and 

inches  thick,  with -two  ^inch  square  flllets  on  the  underside, 
let  into  the  sleepers ;  they  were  spiked  through  the  groove  to  the 
sleepers.  A  bedding  of  furnace  ash  or  clinkers,  %\  inches  thick, 
was  laid  over  the  bottom,  on  which  paving  sets  5  inches  deep 
were  laid. 

On  this  system,  an  economy  of  excavation,  as  well  as  an 
economy  of  concrete,  was  effected,  by  employmg  concrete  for  the 
support  of  the  sleepers  exdusive^)r.  By  the  interposition  of  a  bed 
of  ashes  laid  uniformly  over  the  whole  surface,  it  was  designed 
that  the  lavement  should  rest  equally  over  the  sleepers  and  the 
direct  excavated  surface. 
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Inclines  and  Curves  on  Tramways  in  London. 

The  steepest  gradient  of  considerable  length  on  the  North 
Metro|)olitan  system  is  one  in  the  City  Road,  of  about  one  in 
forty,  on  the  approach  to  the  Angel  at  IsHngton.  Tfiere  are 
short  pieces  at  the  crossings  of  canal  bridges  ot  about  one  in 
twenty-five.  The  curves  .are  40  feet  radius ;  with  reverse  curves 
of  50  feet  radius. 

On  the  London  Street  Tramways  the  gradients  are  easy,  except- 
iqg  a  shoit  pieoe  of  one  In  twenty-three.  The  quickest  cnives 
have  a  radius  of  30  feet. 

On  the  London  Tramways  the  prevailing  gradient  is  one  in 
fiity^  but  there  are  gradients  of  one  in  thirty. 


CHAPTER  11. 


LAHSEN'S  FASTENING.—LOyDOX  STREET 
TRAMWAYS.— BELFAST  TRAMWAYS. 

But  a  method  of  fastening  the  rail  to  the  sleeper  was  wanted 
which  would  be  free  from  the  defects  of  the  vertical  spike, — a 
method  the  barbarity'  of  which  was  only  rivalled  by  its  simplicit)'. 
Mr.  Jorgen  Daniel  Larsen  su])i)lied  the  want,  by  substituting 
lateral  fastenings  for  vertical  spikes,  a  system  which  was  patented 

by  him  in  Februar)',  187 1,  and  is  repre- 
sented in  Fig.  25.  . 

"The  vertical  or  upright  side  of  the  rail," 
he  says,  *' intended  to  be  fastened  to  a 
sleeper,  is  so  made  as  to  extend  in  the 
manner  of  a  flange  or  flanges  below  the 
upper  surface  of  the  sleeper  (longitudinal), 
either  on  one  or  both  sides  of  the  sleeper. 
An  aperture  is  made  in  each  flange,  so  as 
to  be  a  short  distance  below  the  upper 
surface  of  the  sleeper,  when  the  rail  is 
placed  thereon.  To  fix  the  rail  to  the 
sleei)er,  a  bent  metal  piece  or  half  staple  is 
inj>erte(i  into  the  hole  in  the  flange  and 
driven  home,  and  is  also  fixed  to  the 
vertical  side  of  the  sleeper.  The  part  of  the  metal  piece  or  half 
staple  inserted  into  the  hole  may  be  of  various  forms,  and  may  be 
so  long  as  to  go  through  the  sleeper  and  to  enter  also  a  corres- 
ponding hole  in  the  other  vertical  side  of  the  rail  extended  as  a 
flange.  The  metal  piece  may  be  of  such  form  as  to  pass  through 
at  once  two  or  more  holes  in  the  same  flange.'* 


FlO.  25.  Side  fastening. 
By  Mr.  J.  D.  Larseu. 
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In  the  I^arsen  rail  two  important  advantages  are  combined.  By 
the  flanges  it  is  virtually  int  reased  in  depth  and  in  stiffness  verti- 
cally and  laterally  ;  and  the  fastenings,  as  applied  at  the  sides,  are 
not  only  removed  from  intorfcrcm  e  of  the  wheel  flanges,  but  are  so 
placed  as  greatly  to  strengthen  the  attachment  of  the  rail  to  the 
sleeper ;  for  it  is  apparent  that  the  wide  base  of  attachment 
afforded  by  the  lateral  flanges  creates  a  leverage  of  resistance  to 
latenil  stress  twice  as  great  as  the  leverage  derived  from  a  central 
vertical  spike.  There  is  yet  another  ad\  nntage.  that  by  means  of 
the  flanges  the  sleeper  may  be  more  firmly  embraced  by  the 
flanged  rail  than  it  can  possibly  be  by  the  shallow  filleted  rail. 

Although,  incidentally,  the  strength  of  the  Larsen  rail  was 
increased  by  the  addition  of  the  flanges,  it  does  not  appear  that 
vertical  strength  was,  in  his  earliest  designs,  made  a  point  in  ques> 
tion  by  the  designer ;  for  there  is  only  sufficient  depth  of  flange, 
I  inch,  to  afford  room  for  the  fastenings.  In  point  of  absolute 
transverse  strength,  Larsen's  rail  had  already  been  anticipated  by 
livesejr's  rail,  patented  in  1869,  which  is  described,  and  which 
was  formed  with  a  flange  each  side  of  considerable  depth.  Mr. 
Larsen  should,  nevertheless,  be  credited  with  the  merit  of  intro- 
ducing the  flange  rail  into  practice  in  England,  as  well  as  the 
method  of  the  side  fastening. 

In  the  construction  of  the  London  Street  Tramways,  under  the 
charge  of  Mr.  Larsen,  the  first  portion  of  which 
was  opened  in  November,  1871,  he  designed  ^  fl-v>^ 

and  niade  tlie  first  application  of  lateral  fasten- 
ings for  tram-rails  (Fig.  26),  upon  the  results  of 
which  his  patent  was  based.  In  this,  his  first 
trial,  the  ruls  were  4  inches  wide,  and  weighed 
60  lbs.  per  yard.  They  were  double  flanged,  ^'t^^^l^^, 
and  were  fixed  upon  longitudinal  sleepers,  London  Straet 
6  inches  deep,  by  means  of  side  fastenings,  Tramwayi. 
which  consisted  of  three  pieces  at  each  side : — a  strap  3^  inches 
long,  I  of  an  inch  wide,  and  }  inch  thick,  the  two  spikes  driven 
horizontally  into  the  sleeper,  through  a  hole  at  each  end  of 
the  strap,  the  upper  spike  passing  also  through  a  hole  made 
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in  the  flange  of  the  rail.  The  excavation  for  the  foundation 
was  carried  dowvi  to  a  level  of  4  inches  below  the  unfUrside  of 
the  sleepers,  for  the  whole  width  of  the  way.  An  even  betl  of 
concrete,  4  inches  thick,  was  laid  upon  the  bottom,  and  the  longt- 


FtO.  t7.  Lcndon  Street  IVamwaj's.  Scale  ^,V. 
tudinal  sleej)ers  were  laid  directly  upon  it.  The  tim])ers  were 
placed  in  cast-iron  chairs  at  the  joints,  and  the  gauge  was  lixed 
by  means  of  flat  bar-iron  ties,  split  and  kneed  both  ways  at  the 
ends,  and  fixed  to  the  sleejjers  by  bolts  or  spikes  as  shown.  A 
2-inch  layer  of  sand  or  of  gravel  was  distributed  over  the  ( oncrete 

surface,  to  form  a  bed  for  the  paving,  which 
was  laid  and  grouted  in  the  usual  manner. 
(See  Fig.  27.) 

In  this  his  first  employment  of  side- 
fastenings,  Mr.  Larsen  substituted  three 
])ieces  for  the  vertical  spike.  Not  oblivious 
of  the  disadvantage  of  multiplying  the 
number  of  pieces  in  the  fastening,  he 
reduced  them  in  his  patent  to  two  in 
number,  as  has  already  been  described ; 
and  in  his  next  operation,  the  construction 
of  the  fieliast  Tramways,  he  employed  the 
fastening  in  two  pieces*  as  patented.  The 
works  of  these  tramways  were  commenced 
early  in  187a,  and  the  first  section  was 
opened  in  the  autumn  of  the  same  year. 
The  constniction  of  the  Belfast  Tramways  is  illustrated  by  Fig. 
88.  It  consists  of  longitudinal  sleepers  laid  upon  cross-sleepers 
enclosed  in  concrete,  the  rails  being  laid  on  the  longitudinal 
sleepers.  The  gauge  of  the  way  is  5  feet  3  inches.  The  inter- 
mediate space  between  the  two  lines  of  rails  of  a  double  line  is 
4  feet;  the  breadth  of  paving  at  the  outer  sides  of  the  rails  is 


Fjg.  28.  BeUasi  Tram- 
ways.  Section  of  rail 
with  Larsen* s  fasten* 
ing.    Scale  4. 
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2  feet ;  the  tread  of  the  rails  is  1 1  inches  wide,  and  the  total  width 
of  the  tramway  for  a  double  line  is  constituted  as  follows : — 

Ft.  In. 

Two  lines,  5  feet  3  inches  gauge      .  .   to  6 

Intennediate  space  4  0 

Two  outside  bro  idths  of  2  feet  each  .      ,  .40 
Four  widths  of  tread  i|  inches  .      .      .      •  O 

19  \\ 

The  ground  was  excavntef!  to  a  uniform  depth  of  tt^  i:n  hes 
below  the  jjcrmanent  surface,  lor  the  whole  width  of  the  trani'.vay. 
double  or  single.     Cross-sleepers  of  wood.   4  inches  deep  by 

6  inches  wide,  and  7  feet  in  length,  were  laid  on  the  bottom  of  the 
excavation  at  intervals  of  5  teet  between  centres,  and  the  lonc^i- 
tudinal  sleepers,  3;,  inches  wide,  and  6  inches  deep,  were  laid  and 
fixed  by  ca-st-iron  brackets,  weighing  5  lbs.  each.  There  was  but 
one  bracket  at  each  intersection,  placed  alternately  at  the  inside 
and  the  outside  of  the  iongitudioai  sleeper;  hxed  by  iour  spikes 
10  each  bracket. 

The  rails  weigh  about  O2  lbs.  per  yard  ;  they  are  3 2  inches  wide 
and  I  i  inches  thick ;  the  side  flanges  are  i  \  inches  deep,  and 
iV  inch  thick  at  the  edge,  making  the  total  depth  of  the  rail  z\ 
indies.  The  tread  is  1}  inches  wide,  the  groove  is  i|  inches 
wide  and  ^^  inch  deep,  and  the  outer  ledge  is  \  inch  thick  at  the 
edge.  The  side  fastening  of  the  rail  to  the  sleeper  is  of  two 
pieces : — an  iron  plate  or  strap,  \  inch  thick,  having  a  spike 
welded  to  it  at  the  upper  end,  which  passes  through  the  flange  ox 
the  rail,  and  a  hole  near  the  lower  end,  through  which  a  large 
spike  is  driven  nearly  through  the  sleeper  The  fastenings  were 
applied  alternately  to  each  side  of  the  rail  at  short  intervals. 

Alter  the  sleepers  and  rails  were  accurately  adjusted  and  packed 
below  the  cross*sleeper8»  the  spaces  between  the  cross-sleepers, 
and  the  whole  area  above  them  on  each  side  of  the  k>ngitndinal 
sleepen^  were  filled  soUd  with  concrete  to  a  total  height  of  about 

7  inches  above  the  floor  of  the  excavation^  suited  for  the  laying  of 
the  paving,  which  consisted  of  4  inches  granite  cubes  with  a  i-inch 
layer  of  sand. 
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Ji£CONSTRUCTJON  OF  THE  NORTH 
METROPOLITAN  TRAMWArS, 

Ik  the  work  of  reconstructing  the  North  Metropolitan  Tramways 
in  1877,  Mr.  Hopkins  abandoned  the  cast-iron  chairs  or  clips 
with  the  dove-tailcd  ( ross  tie-bars  for  connecting  the  tails,  and 
substituted  a  tie-bar,  Fig.  29,  of  the  same  scantling  as  before, 
formed  witli  a  f -inch  bolt  at  each  end,  which  was  passed  through 


Fig.  2q.  North  Metropolitan  Tramu  ajri  : — Method  of  Reconstmction. 

Scale  ^. 

each  longitudinal  sleeper,  and  screwed  up  with  a  shallow  nut 
outside.  The  tie-bar  was  brought  up  with  a  square  shoulder  on  a 
washer,  to  the  inside  of  each  sleeper ;  the  nut  was  only  i  inch 
thick  in  order  to  minimise  the  projection,  and  consequent 
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intaference  with  the  paving  at  the  other  side  of  the  sleeper. 
The  existing  foundation  was  partly  renewed  by  the  excavation, 
nader  each  sleeper,  of  a  shallow  trough  in  the  concrete,  \^  inches 
deep  and  6  or  7  inches  wide.  This  trough  was  filled  with  fine 
concrete  in  which  the  longitudinal  sleepers  were  embedded  to 
the  depth  of  \  inch.  The  sleepers  were  4  inches  wide  and  5  inches 
deep,  rebated  to  fix  the  rails.  They  were  bedded  at  their  joints 
on  pbles  of  fir,  8  inches  wide  and  2  inches  thick,  let  into 
the  foundation.  The  rails  were  of  steel,  weighing  60  lbs.  per 
yard.    They  were  of  the  box  ty])e,  3^  inches  wide  at  the 
sar&oe,      inches  deep  over  the  flanges,  and  i     inches  thick. 
They  resembled  in  section  the  Vale  ot  Clyde  rsul ;  they  had  the 
same  total  depth,  but  they  were  not  so  thick  as  the  other  rail. 
The  groove  was  \\  inches  wide  and  J  inch  deep,  having  only 
iV  inch  of  metal  below  the  groove.    The  tread  was  2  inches  wide, 
and  was  ver)'  slightly  rounded  ;  the  tianges  were  ^  inch  thick  at 
the  edge.    Each  rail  of  24  tcci  in  !-  ii-tii  was  fastened  by  25 
staples,  placed  at  a  pitch  of  2  iccL  7  luchc.^  «l  each  side,  except 
those  at  the  ends,  where  there  were  two  pairs  of  staples,  of  which 
one  pair  was  distant  i\  inches  from  the  end  of  the  rail,  and  the 
sccgikj  pair  was  3  inches  faither  off. 

This  mode  of  reconstruction  was  followed  until  the  end  of  1880, 
when  i8  miles  of  single  way  had  been  reconstructeti.  In  some 
places  a  longitudinal  jjlank,  11  inches  wide  by  lA  inches  thick, 
was  laid  below  the  sleeper  and  spiked  to  it.  in  order  to  prevent 
sinkage  oi  the  adjoining  paving  sets  by  i)artially  supporting  them. 
The  si>ikes  consisted  of  3A-inch  nails  driven  down  from  the  sides 
diagonally.  In  1S80,  a  length  of  3  miles  of  new  line  had  been 
laid  with  the  plank  base,  and  about  2  mile^  uf  old  line  had  been 
reconstructed  with  it.  The  work  of  re(  onstructing  okl  lines  on  this 
system  was  done  principally  in  Liverpool  Road,  Islington,  and  the 
new  lines  were  laid  in  Dalston  Lane  and  Graham  Road,  Dalston, 
and  on  the  hne  through  Victoria  Park  to  its  northern  ternvnus. 
The  work  gave  satisfaction,  excepting  at  a  few  ])laces  where  the 
paving  sets  were  not  of  a  suitable  depth,  or  where  the  traffic  was 
admitted  over  the  work  before  the  grouting  was  sufficiently  set^ 


CONSTRUCTION  OF  TRAM  WAYS, 


The  employment  of  the  plank  base  in  rcconstnirtion  involve<l 
the  breaking  up  of  much  of  the  concrete  foundation,  which  on 
the  North  Metro])olitan  system  generally  is  ver\^  hard.  The  cost 
ofbreikini;  up  artTially  exceeded  the  cost  of  making  everythtog 
good  with  Portland  cement 

The  rails,  again,  were  reduced  to  a  width  of  3^;  inches,  mostly 
by  reducing  the  thickness  of  the  guard  flange,  for  it  was  ascer- 
tained that  guards  of  the  thi(  kness  of  ^  inch  or  even  slightly  less 
than  this,  are  worn  down  by  the  ordinary  vehicular  trathc  at  nearly 
the  same  rate  as  that  at  which  the  head  of  the  rail  was  worn  by  the 
oidinaiy  traffic  and  the  car  traffic  combined.  Such  equality  of  wear 
has  its  importance,  for  it  has  frequently  become  necessary  to  recon* 
struct  lines  of  way  having  ^-inch  guards  several  years  earlier  than 
would  have  been  necessary  had  the  tread  not  worn  down  much  more 
rapidly  than  the  guard.  The  slight  rounding  of  the  tread  of  the 
new  rails  has  not  been  foirn  l  to  serve  any  useful  purpose,  and  has 
therefore  been  abandoned,  and  the  tread  has  been  made  square. 
The  groove  was  reduced  to  a  width  of  11V  inches  at  the  surface, 
which  was  believed  to  be  the  minimum  width  that  was  practicable, 
having  proper  regard  to  the  resistance  of  the  car  and  the  work  ol 
the  horses. 

But,  the  box*rail  laid  with  longitudinal  sleepers,  tlioitgh  as 
good  as  most  other  systems,  and  probably  better  than  any  of 
tbes^  was  wanting  in  permanency,  and  in  any  case  was  un- 
suited  for  mechanical  tractors.  Short  lengths  of  other  systems 
were  laid  down  for  trial.  The  metal  system  of  Winby  and 
Levick  was  tried  experimentally,  a  length  of  80  yards  of  single 
line  having  been  laid  early  in  1879  in  Upper  Street,  Islmgton.  It 
was,  and  continued  to  be  (1S80),  in  good  order. 

A  trial  length  of  15  yards  of  toughened  glass  sleepers,  4  inches 
by  6  inches  deep,  to  the  same  section  as  the  rebated  fir  sleepers, 
was  laid  in  High  Street^  Stratford,  about  the  middle  of  1879,  and 
covered  with  die  ordinary  box-rail  Whilst  the  new  material 
seemed  to  be  fiiUy  capable  of  supporting  the  road  without  fitilure 
by  crushing,  it  was  broken  into  short  segments,  some  pieces  being 
not  more  than  6  inches  in  length,  and  the  fractures  were  nearly 
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vertical.  As  the  level  of  the  rails  was  not  affected  by  the  fractur- 
ing, the  sleepers  were  allowctl  to  remain  where  they  were.  The 
rails  were  fastened  to  the  sleepers  by  means  of  straps  ])assed  under 
these.    The  straps  worked  loose  and  were  not  a  success. 


Fios.  30  and  31.  Page's  Syitem,  North  MetropoUtan  Tkamways.  Scale  A. 

The  system  of  Mr.  William  Page  was  finally  selected  for  the 
renewals  and  extensions  of  the  system,  and  a  length  of  renewal  on 
this  system  was  commenced  to  be  laid  at  the  end  of  i88a  It 
was  designed  also  foi  the  extension  at  Leytonstone;   The  system. 


figs.  30  and  31,  consisted  of  a 
steel  nil.  Fig.  32,  weighing  43  lbs. 
per  yard,  grooved  on  the  under- 
side, to  fit  on  and  be  supported 
by  wiought-iron'standaidsy  which 
rested  upon  and  weie  jnnned  to 
a  oontmnoiis  longitn^al  iion 
plate  or  sleeper,  laid  on  a  bed  of  > 
concrete.  The  tread  of  the  lail 
was  perfectly  flat,and  had  awidth 
of  1}  inches,  the  groove  is  11V 
inches  wide^  and  the  flange  cdr 


guard  is  ^  inch  wide,  making  F10.32.  Page's  Way,  North  Meiio- 
togetherawidthatthesnifaceof      politan Tiamway.  Scale^. 

3iV  inches.  The  groove  was  |  inch  in  depth,  and  the  sides  were 
sloped  equally.  The  depth  of  the  rail  was  s^  inches.  The 
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groove  at  the  lower  side  was  inches  deep  to  give  bearing  verti- 
cally and  laterally  on  the  supports,  the  flanges  forming  the  groove 
being  inch  thick  at  the  edge.  The  standards  are  of  an  inverted 
T  section,  5^  inches  high,  3}  inches  wide  at  the  base,  and  of  a 
length  of  12  inches,  except  at  the  joints^  where  they  are  14  inches 
long.  The  thickness  of  the  web  is  |  inch,  and  the  foot  averages 
the  same.  The  head  is  i  inch  thick,  tapering  upwards  to  |  inch 
in  a  height  of  i|  inches.  The  standards  are  placed  la  inches 
clear  apart ;  the  rails  are  secured  to  the  standards  by  means  of 
plain  round  pins  passed  right  through  the  taper  bearings,  four  at 
each  joint  and  one  at  each  intemiediate  standard.  The  pinholes 
are  so  arranged  diat  the  driving  of'  the  pins  draws  the  rail  down 
into  close  contact  with  the  standard  and  makes  a  tight  bearing. 
The  longitudinal  base  plate  is  7  inches  wide  and  1^  inch  thick  ; 
the  standards  are  each  fastened  to  it  by  one  ^-inch  pin  with  double 
cotters. 

The  total  height  of  the  way  thus  constructed  \v.xs  7  inches.  It  is 
bedded  on  a  foundation  of  concrete  6  inches  deep,  composed  of 
one  part  of  blue  lias  lime  and  six  or  seven  parts  of  ballast.  The 
width  ot  the  bearing  of  the  permanent  way  on  the  concrete 
obviated  the  necessity  for  using  Portland  cement. 

Gauge-ties  of  wought-iron  bars  2  inches  by  v.r  inch  thick, 
secured  to  the  standards,  were  placed  at  inter\'als  of  20  feet.  They 
were  thickened  at  the  ends  to  a  thicis.ness  of  \  inch  and  were  notched. 
Through  ihc  web  of  eat  h  of  the  two  standards  to  be  tied  a  hole 
2  inches  long  horizontally  and  g  inch  deep  is  made.  Through 
the  two  holes  the  tie  is  inserted  and  then  turned  a  quarter  round 
to  a  vertical  position  edgewise.  Thus  placed  the  tie  holds  the 
two  standards  firmly,  and  it  comes  between  two  courses  of  paving 
sets  by  which  it  is  maintained  in  position.  But  as  the  permanent 
way  is  solidly  constructed,  and  the  base  plate  is  embedded  in 
the  concrete,  it  was  ronsi<lered  that  the  ties  were  scarcely 
necessary,  and  tiiey  were  therefore  to  be  discontmued. 

The  pavmg  used  was  6  inches  in  depth,  chiefly  of  Guernsey 
granite.  The  sets  were  bedded  on  a  layer  of  fine  gravel,  and 
were  rammed  perfectly  flush  with  the  rails.   The  sets  laid  next 
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the  rails  were  prevented  from  sinking  by  the  base-plates  of  the 
way,  which  extended  laterally  about  two  inches  under  the  paving. 
To  com])en sate  for  the  slight  variations  in  the  depth  of  the  sets,  as 
ucl!  as  to  prevent  the  disintegration  of  the  grouting  in  the  joints 
of  the  paving,  which  would  recall  if  ihc  seis  were  iii  direct  contact 
with  the  elastic  iron  base-plates,  the  deptli  of  the  permanent  way  was 
made  suttlcient  to  adinii  of  A  inch  or  ^  inch  thicknebs  of  bedding 
below  the  sets  over  the  plates. 

The  rails,  as  before  stated,  weighed  42  lbs.  per  yard,  and  the 
base-])lates  22  lbs.  per  yard.  The  joint  standards  weighetl 
13J  lbs.  each,  and  the  iutennediate  standards  ii|  lbs.  each.  The 
cotter-bolts  weighed  one  ton  ])er  mile,  and  the  cotter-pins  for  the 
rails  I  ton  per  mile;  the  cruss-iies  weighed  26  cwt.  per  mile. 

In  proceeding  with  the  work  of  reconstruction  and  renewal, 
after  the  way  was  lifted,  a  thin  stratum,  an  inch  or  so  in  thickness, 
waspicked  off  the  old  concrete  bed,  where  it  was  in  good  condition, 
and  the  vacancy  was  made  good  under  the  base-jjlate  with  fine 
concrete.  Where  the  old  concrete  was  in  bad  condition  it  was 
entirely  removed.  The  parts  of  the  iron  way  were  jjut  together 
in  the  excavated  space,  propped  on  temporan-  ^sacking  of  wood 
or  other  material,  so  that  the  base-plate  was  suiiiciently  elevated 
above  the  floor  of  the  excavated  space  to  admit  of  the  holding- 
down  bolts  being  inserted.  When  the  whole  of  the  metal  work 
was  erected  it  was  lifted  bodily  into  its  permanent  position  by 
means  of  levers,  and  was  temporarily  repacked  up  with  blocks  6  feet 
or  8  feet  apart  The  new  concrete  was  then  deposited  and  packed 
under  the  base-plate.  When  it  was  stiff  enough  to  bear  the  weight 
of  the  way — ^which  it  usually  became  in  the  course  of  an  hour  or 
two— the  temporary  packing  was  removed,  and  its  place  was  filled 
with  concrete.  The  space  between  the  rails  was  filled  in  with 
concrete  to  the  proper  level  required  for  the  support  of  the  paviDg. 

In  packing  the  rails  with  concrete  it  was  put  in  from  one 
side  only,  and  shovel-packed  from  that  side,  and  the  packing 
was  continued  until  it  was  driven  out  in  a  full  body  at  the 
other  side  of  the  rail.  When  the  clear  space  below  the  base- 
plate to  be  packed  up  was  but  one  or  two  inches  deep,  it  was 
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esiiecially  needful  that  the  packing  should  be  accomiilished  as 
above  descril)ecl.  othenvise  it  might  frt*quently  have  hajjpencd  that 
the  concrete  ujily  advanced  an  inch  or  so  under  the  base-plate  at 
each  edge,  ]ea\  ing  the  interior  unsupported. 

The  granite  slis  on  the  North  Metropolitan  Tramways  \  ary  in 
de])tii  Ironi  4  inches  on  some  routes  to  9  inches  on  others.  On 
raost  of  the  lines  6-mch  sets  are  useil.  They  are  laid  over  a  layer 
of  gravel  or  shingle,  from  an  inch  to  i  A  inches  in  thickness,  which 
is  compressed  by  the  ramming  of  the  pavement  to  a  thickness 
of  from  h  inch  to  \  inch.  Frequently  a  little  dry  lime  is  mixed 
with  the  bedding.  With  respect  to  the  width  of  the  pavement 
laid  by  the  Tramway  Company,  the  local  and  the  road  autiiorities 
generally  succeed  in  enforcing  d  iin^s  on  the  Tramway  Company, 
before  Parliamentary  Committees,  by  which  it  is  comjielled  to 
have  a  greater  width  than  the  usual  and  sufficient  allowance 
of  18  inches  outside  of  the  way. 

The  cost  of  Mr.  Page's  system  of  tramwaySi  taken  as  new,  is 
here  given,  followed  by  the  cost  for  reconstruction : — 

Quantities  and  Costs  per  Mile,  Single  Line,  of  Page's 
System.  North  Metropolitan  Tramways^  March,  i88i. 

Breaking  up  macadam  road  and  txcavat- 
ing  to  dcptii  of  12^  inches  and  removing 

surplus,  4,981  square  } ards    .       .       .    («3  is.  ^49    i  o 

Blue  lias  lime  concrete,  6  inches  deep, 

4,981  square  yards  «t  is.  9d.      435  17  o 

Steel  rails,  43  lbs.  per  yard,  66  tons. 
Wn>Oght*iron  bearers,    12  inches  long, 

4.752  @  ii^ibs.  each,  24  tons  18  cwts. 

2  qrs.  4  lbs. 

Wrought-iron  joint  bearers  14  inches  long-, 
528  @  13I  lbs.  each,  3  tons  4  cwt. 

3  qrs.  8  lbs. 

Wroaght-iron  plates,  33  lbs.  per  yard, 
34  tons,  ti  cwt.  I  qr.  16  lbs. 
Total,  128  tons  14  cwt.  3  qrs.    .      .   ,>  ';^8  5s.    1,062   i  9 

Carried  forward  £^u\^  ^9  9 
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£     ■•  ^• 

Brouiit^t  forward  I#746  19  9 

Wrought-iron  ucs,  264  (a  li  ibs.  each, 

I  tOQ  5  cwt.  3  qrs.  30  lbs.      .      •      '   ®  £7  lot.        9  14.  7 

Cotter  bolts  and  keys  (5,280},  I  too  .      .                     16  10  o 

Rail  pins  (7,862},  ^  ton  „  £1^  los.       6  15  O 

La.jring,watchiogaiidlightiag»i,76oyards  »  at.           176  o  o 

Total  cost,  exclusive  of  paving    .       .  ^»955  *9  4 

Paving,  bay  6  inches  by  4  inches,  granite 
setSy  laid  and  grouted,  4,688  yards      .  j,  iis.       3,728  8  o 

ToUl   ;^4.684  7  4 

Rbnswal  and  Reconstructiok  of  Wat  on  Page's 

Systbm,  1881. 

t.  d. 

Take  up  paving  next  rails  and  defective 
parts,  say  half  total  area,  2,344  square 

yards  <9  6d.  58  12  o 

New  steel  rails,  66  tons 
New  bearers,  say  10  per  cent,  of  original 
quantity,  3  tons 

Total,  69  tons  5s.       569   5  0 

2Uil  pins,  ^  ton  „  £1^  108.      6  15  o 

laying  new  rails,  lighting  and  watching 

1,760  yards  ts.  88  o  o 

Necessaiy  dressing  and  relaying  paving 

with  20  p'^r  cent,  new  stone9  2|344 yards  .    ,,  6s.  703    4  o 

Credit  old  rails,  &c.,  say  ....  179   o  o 

Total  cost,  including  paving    .      .      .  1,246  16  o 

The  North  Metropolitan  Tramways  are  now  (1892),  and  have- 
recently  been,  in  ccKirse  of  entirely  new  recon.stniction,  in  which 
all  other  systems  of  way  on  these  irauiways  have  been  :>uperseded 
and  replaced  by  the  steel  girder  rail. 
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CHAPTER  IV. 

RECONSTRUCTION  OF  THE  LONDON  AND 
LONDON  STREET  TRAMWAYS. 

London  Tramways. 

The  way  of  the  London  Tramways  was  renewed  in  1879 — 80, 
with  the  Aldred-Spielmann  rail,  illustrated  by  Figs.  33  and  34. 
The  two  half-rails,  Fig.  34,  which  are  of  steel,  arc  laid  so  as  to 


Fio.  33.  Tbe  Aldred-Spielmann  Way,  London  Tramwayt.  Scale 


Fio.  34.  The  Aldred-Spidmann  RaO,  London  Tramways.  Scale  ^. 

bieak  joint  in  the  chairs,  and  are  fixed  in  position  by  a  wooden 
key*  The  bearing-rail  takes  a  square  bearing  on  the  raised  seat 
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at  ihc  bottom  of  the  opening  of  the  chair,  and  by  its  inclined 
surface  ol  contact  it  holds  the  guard  rail  in  place.  Each  half-rail 
is  21  feet  in  length;  it  weighs  32  lbs.  per  yard  ;  making  for 
the  whole  rail  64  lbs.  per  yard.  The  tread  of  the  rail  is  i  ^  inches 
uide,  the  groove  \%  1  inch  wide  and  i  inch  deep,  and  the  guard  is 
\  inch  wide  at  the  surface  ;  making  the  whole  wudth  3^  inches. 
The  rail  is  3I  inches  in  dei)th.  The  chairs  are  hollow  castings, 
combining  strength  and  comparative  lightness,  though  weighing 
37i  lbs.  each-  in  consideration  of  the  double  function  of  holding 
the  half-rails  together  and  the  maintenance  of  the  hreak-jomts  ot 
the  two  halves  with  each  other.  They  give  a  bearing  for  the  rails 
4  inches  long,  and  as  they  are  placed  at  3  feet  apart  between  centres, 
the  net  space  between  the  chairs  is  reduced  to  2  feet  8  inches. 
The  chairs  are  screwed  down  on  trans^  erse  timber  sleepers, 
4i  inches  deep,  9  inches  wide  and  6  feet  6  inches  long.  I  he 
height  of  the  chair  is  7  J  inches,  by  which  room  is  provided  for 
4-inch  or  5- inch  sets,  clear  of  the  spike  heads.  Added  to  the 
depth  of  sleeper,  4  inches,  and  i  \  inch  more  to  the  bottom  of  the 
excavation,  the  total  depth  of  the  excavation  amounts  to  13  inches 
below  the  level  of  the  rail.  A  bed  of  Portland  cement  concrete, 
8i  inches  deep,  is  brought  up  from  the  bottom  of  the  excavations^ 
enveloping  the  sleepers.  A  i-inch  layer  of  sand  is  spread  over 
the  surface,  and  4-mch  cubes  are  laid  as  paving. 

The  foUowing  is  the  cost  for  one  mile  of  the  Aldred-Spielmann 
doable  way.  The  rails  cost  ^£5  5s.  od.  per  ton  in  1879,  and 
£fi  17s.  6d«  per  ton  in  x38o ;  average,  say,  ^6  per  ton ;  chairs, 
;£4  per  ton ;  screws,    15  per  ton  :^ 


Ql'antmies  and  Cost  per  Mii.k,  Double  Line,  of  the 
Aldred-Spielmann  Way—London  Tramways,  1879—1880. 

Per  mile. 
£      ».  d. 

Steel  rails,  64  lbs.  per  yard,  loo  tODS  .      .    ®  /6  1,200   o  o 

Cast-iron  chairs,  116  tons  £^  464   o  0 

bcrews,  5  tons  75   o  o 

Carried  forward  i»i»739  o  ^ 
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Per  m'lte. 
£  d. 

0 

Sleepers,  3,520  

@  IS.  lod. 

322  14 

0 

Keys.  7,o.}o,  per  thousand  .... 

£i 

21  2 

0 

Concrete,  2,100  cubic  yards 

f.  13s. 

1,365  0 

0 

Sand,  1,760  lineal  yards  .... 

,»  6d. 

44  0 

0 

Excavation,  &C.,  9i973  square  yards  . 

M  IS. 

498  U 

0 

Laying,  watching  and  lighting,  1,760  lineaL 

yards  ■*•«••* 

M  4S* 

0 

0 

Total  cost  per  mile  double  line,  exclusive  of 
paving  4,34^ 


9  o 


Do.  do^  tingle  line,  do.  do.     ,  •£^A7^  4  ^ 

There  are  now  (1892)  six  different  sections  of  rails  in  the  ways, 
comprising  a  light  section  and  a  heavy  section  of  the  Aldred- 


Fio.  35.  Gowans  Girder  RsU.  Scale  \, 

Spielmann  rail,  the  Rymney  or  box  rail»  the  Gowans  girder  rail,  a 
rail  laid  in  chairs,  of  a  deck  beam  section,  and  a  girder  rail  of 
recent  sections.  The  Gowans  way  was  laid  in  1879,  in  the 
Brixton  Road,  for  a  length  of  miles.  This  rail,  Fig.  35,  which 
was  patented  in  187S,  is  a  modificarion  of  the  girder  rail,  in 
which  the  lower  flange  is  wider  at  the  outer  side,  under  the 
tread,  than  at  the  inner  side.  Openings  are  made  through  the 
web  of  the  rail  at  short  intervals,  in  order  to  lighten  the  rail. 
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and  to  admit  of  liie  bonding  of  concrete  packinjoi:  of  the  rail& 
This  system  was  laid  experimentally  in  Edinburgh  in  1877—78. 
It  has  also  been  laid  in  Dundee,  Manchester,  Sunderland,  and 
London. 

The  Gowans  rails  are  of  steel,  rolled  in  Icnf^ths  of  27  feet, 
and  they  weigh  85  lbs.  per  yard.  They  are  7  inches  in  depth, 
and  the  base  is  7  inches  wide,  placed  eccentrically  to  the  web, 
for  the  rea<;ons  already  explained.  The  tread  is  inches 
nnde,  the  groove  is  i  inch  wide,  and  the  guard-flange  is  inches 
wide  ;  making  together  a  width  of  3  inches.  The  wtb  is 
fully  inch  thick  at  the  central  part,  tapering  to  a  thickness  of 
fully  inch  at  the  upper  and  lower  parts.  The  base  is  %  inch 
thick  near  the  web,  and  tapers  in  thickness  to  \  inch  at  the  edges. 
The  rails  are  fished  with  plates  weighing  18  lbs.  per  pair.  £ach 


f*ic .  36.   Gowant  Way,  London  Tfamwayi.  Scale  ^. 

rail  is  laid  direct  on  a  longitudinal  bed  of  concrete  15  inches  wide 
and  6  inches  deep,  as  shown  in  Fig.  36.  lietween  and  outside 
the  longitudinal  beds  of  concrete  and  the  rails,  a  bed  of  concrete 

6  inches  deep  is  laid  for  the  entire  width  of  the  excavation,  to 
support  the  paving.  It  is  laid  on  the  floor  of  the  excavated 
spacer  10^  inches  below  the  surface,  such  that  above  the  concrete 
there  is  depth  for  a  |-indi  layer  of  sand  and  4-inch  paving  cubes. 
The  bases  of  the  longitudinal  beds  of  concrete  are  13  inches 
below  the  surface,  comprising  6  inches  for  the  concrete  and 

7  inches  for  the  rail.  The  wide  bed  of  concrete  overlaps  the 
longitudinal  beds  by  a  depth  of  s^  inches,  and  to  this  extent  the 
rails  are  embedded  in  it  and  secured  to  the  gauge ;  though  it  is 
difficult  to  perceive  in  what  way  the  openings  in  the  webs  of  the 
nuls  peculiar  to  Mr.  Gowans*  system  are  utilised,  for,  whilst  the 
ostensible  purpose  of  the  openings,  called  ''quatrefoils,*'  though 
in  reality  trefoils,  is  to  permit  of  the  bonding  of  concrete  through 
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the  rail,  the  concrete  scarcely  reaches  above  the  lower  sides  of  the 
openings.  On  a  A -inch  layer  of  sand,  4-inch  i>aving  cubes  are 
laid,  flush  with  the  rails. 


Quantities  and  Costs  per  Mile,  Double  Line,  of  Cowans 
Girder  Railway— London  Tramways,  1879. 


Steel  rails,  85  lbs.  per  yard,  267  tons 

@  £^  los. 

2,270 

0 

Fish  plates,  6  tons  6  cwt  

.*£^ 

50 

8 

Bolts  and  nuts,  i  ton  8  cwt. 

28 

0 

Concrete,  i  ,866  cubic  yards 

13s* 

1,213 

18 

Sand  ,  1,760  lineal  yards     .      .       .  , 

.»  6d. 

44 

0 

I-lxcavation,  «^c..  9,073  square  yards  . 

M  tid. 

457 

2 

Laying,  watching  and  li|;htio)2r  i  ,7'jo  lineal 

352 

0 

Cost  of  way,  per  mile,  double  line  .  .  .  4,414  8  o 
Do.  do.  single  line     ......  2,207  4  o 


The  London  Street  Tramways. 

These  tramways  were  laid  originally  on  the  Larsen  system  of  way. 
The  way  has  been  to  a  great  extent  (1892)  replaced  by  girder  rails 
weighing  90  lbs  per  yard.  The  girder  rail  has  also  been  laid  on 
all  new  lines  for  the  last  seven  or  eiglu  years. 
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CHAPTER  V. 

RECONSTRUCTION  OF  THE  SOUTH  LONDON 

TRAMWAYS. 

Mbakins'  system  of  way,  Fig.  37,  as  originally  adopted  for  fhe 
Soatiiwaik  and  Deptford  Tramways,  under  the  direction  of  Mr.  W. 


Fio.  37.  Meakiw  Way,  Sootliwark,  Batteiaoi.  Scak  ifc. 

Shelford,  the  engineer;  and  for  the  South  London  Tramways,  in  the 
Battersea  District,  under  the 
direction  of  Mr.  A.  J.  D.  Cameron, 
the  engineer,  was  arranged  by  Mr. 
John  Dixon,  the  contractor  for 
both  of  these  works.  The  gauge 
of  the  ways  is  4  feet  Z\  inches. 
The  rail,  Fig.  38,  is  composite, 
consisting  of  a  steel  rail,  having  a 
central  web,  weighing  52  lbs.  per 
yard,  riveted  to  and  between  two 
angle-irons,  weighing  each  30  lbs. 
per  yard,  making  together  a  com- 
pound rail  weighing  112  lbs. 
per  yard,  of  a  total  height  of  Fio.  38.  Mcakins  Way.Southwark, 
8  inches.  The  angle  irons,  roUed       Battcrsca.-iu.i.  Scale  j. 

with  comparative  facility,  are  3  inches  by  6  inches  high,  and 
I  inch  thick,  and  fonntng  a  base  6^  inches  in  width.  The  rail  is 


Digitized  by  Gopgle 


CONSTRUCTION  OF  TRAMWAYS, 


o 

1 

|o 

o 

O 

O 

O 

o 

o 

o. 

o  \ 

o 

o  1 

u 


s 
■3 


rt 


c  e 

■r  o 

I'  « 

u«  o 


I 

(/5 


S 

Si 


10 

o 


4A  inches  tiecp,  the  head  beiiig^ 
2  inches  deep,  and  inc  h  in 
thickness.  The  tread  of  the 
rail  is  inches  wide,  trie 
groove  is  inch  wide  and 
i  in(h  deep,  and  the  guard 
flange  is  ,v  inc  h  wide;  making 
together  a  width  at  the  surface 
of  2  A  inches.  The  guard  flange^ 
it  should  be  noted,  is  lower 
than  the  tread.  The  rail  is 
joined  to  the  angle-irons  with 
f  inch  rivets,  at  6  inches  of 
pitch  ;  and  the  angle-irons  are 
riveted  together  at  intervals  of 
two  feet,  except  at  the  junction 
of  two  lengths,  where  the  rivets 
are  only  six  inches  apart.  The 
rails  are  24  feet  in  length,  and 
break  joint  with  the  angle- 
irons  to  the  extent  of  3  inches  ; 
and  are  thus  held  in  line.  They 
are  also  fished  with  flat  plates 
and  four  bolts  and  nuts  (see 
old  joint,  Fig.  39). 
>  The  rails  are  held  to  gauge 
by  wrought'iron  de-rods,  i| 
inches  by  \  inch  thick,  three 
to  length  of  rail,  notched 
. .  ..ic  ends,  passed  through 
horizontal  slots  in  the  heads 
of.  the  rails,  and  turned  into  a 
vertical  position  so  as  to  hold 
the  rails  in  gauge. 

The  foundation  consists  of 
a  bed  of  Portland  cement  con- 
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Crete.  1 1  inches  deep  and  1 1  IccL  wide  ( * mprising  an  allowance  for 
pavement  of  3  feet  outside  the  rails,  on  each  side.  The  concrete 
is  composed  of  six  measures  of  Thames  ballast  to  a  2-inch  ring 
gauge,  and  one  measure  of  Portland  cement.  The  rails  arc  laid 
on  the  foundation  and  duly  gauged,  when  a  i-inch  layer  of  fine 
concrete,  t  omposed  of  three  parts  of  Thames  ballast  to  a  ^-inch 
ring  jjauge  to  one  part  of  Portland  cement,  is  deposited  on  the 
foundation  concrete,  enveloping  and  fixing  the  rails  in  place.  At 
the  same  time  the  rails  are  filled  flush  at  the  sides  with  fine 
c  oncrete.  The  excavation  for  this  work  is  required  to  be  19  inches 
de€j>  and  1 1  feet  wide. 

The  work  is  covered  in  with  granite  paving,  7  inches  deep,  in 
4-inch  courses,  bedded  on  the  fine  concrete,  to  finish  at  a  level 
i  inch  above  the  rails.  The  paving  is  grouted  with  a  mixture  of 
blue  Lias  lime  and  coarse  sand  in  the  proportion  of  one  to  one. 
and  is  blinded  with  tine  coaise  ballast.  The  hardest  sets  are  laid 
next  the  rails. 

The  following  are  particulars  of  the  cost  per  mile,  single  line,  of 
the  way,  laid  for  a  width  of  1 1  feet 

Quantities  axd  Cost  per  Mile,  Single  Line,  of  Meakins 
Way— South  London  Tramways,  i88a 

Rails  112  lbs.  per  yard,  176  tons;  tie^hars 
and  fishes,  si  tons ;  laid  complete,  1.760 

lineal  yards  ®  26s.      2,288  o  o 

Excavation,  lifting  and  cnrlingf  iway,  19 
inches  deep,  li  feet  wide,  3ji4o6  cubic 

}  ards  2S.  6d«       425  15  O 

Cuiicrete,  12  inches  dee|:j        feet  wide, 

2,151  cable  yards  .  ^  .  .  „  138.  1.398  3  o 
Watching- and  lighting:  ,      ,  30  o  o 

Total  for  the  way     ....  4»i4i  »8  o 

Paving,  II  feet  wide,  6,453  square  yards  •     »»  *4s.       4.517   ^  o 

Total  for  the  way  and  paving  •      .  ;^8,66o  0.0 

For  the  usual  width  of  paving,  8  feet,  for  «  single  line,  the  cost 
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for  excavation  and  concrete  is  reduced  by  ^^482  OS.  6d.y  making 
the  cost  of  the  way  ^3.659  17s.  6d,  per  mile,  single  line;  for  the 
pavement  ;^3,o8o ;  i:  i^iu^  together  ^^6,739  '7^- 

The  cost  per  iis  le  of  single  way,  in  1892,  is  given  by 
Mr.  (iurdon  L.  Stephenson,  the  engineer  of  tiie  tramways,  as 
follows : — 


Estimate— Girder  Rail  for  7-inxh  Paving,  1892. 

Rails,  iia  lbs.  per  yard  =176  tons  per 
vile ;  fishes  and  bolt»,  i2\  tons  per  mile 

(no  tie-rods) :  1,760  lineal  yards    .      .   d  169* 6d.    1.452   o  O 

Excavation,  lifting  and  carting  away,  19 
inches  deep.  11  feet  wide,  3.406  cubic 

yards  »,  3s,  510  18  0 

Concrete,  12  inches  deep.  11  feet  wide, 

2,151  cubic  yards  „  13s.        1,398    3  o 

Watching  and  lighting     ....  30   o  o 


Total  for  the  way    ....  3,391  i  o 

Paving^,  XX  feet  wide,  6.453  square  yards  •  **             3*871  16  o 

Total  for  the  way  and  paving,  per 

mile,  single  line  ....  £7*^^  '7  ^ 


The  Meakins  rail  was  at  best  a  pioneer  rail,  built  up,  as  the 
rail-makers  were  not  prepared  with  suitable  machineiy  for  rolling 
large  rails  in  one  piece.  It  was  proved  by  experience  that  the 
old  joint,  shown  in  Fig.  39.  was  the  weakest  point  of  the  rail.  It 
became  impossible,  after  a  time,  to  keep  the  joints  tight ;  and  Mr. 
Stephenson  adopted  new  joints,  as  shown  in  Fig.  40,  made 
with  a  pair  of  angle  fish  plates,  3  feet  long,  riveted  to  the  rails 
with  six  rivetSy  or  bolted  with  six  ^-inch  bolts  and  nuts,  where 
riveting  was  not  allowable.  With  these  fittings,  the  scxew* 
thready  having  been  burred,  the  joints  keep  quite  tight,  and  do 
not  require  screwing  up  from  time  to  time.  The  whole  of  the 
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>feakins  rail  that  was  laid,  about  ten  miles  of  single  line,  continues 

in  use. 

A  portion  of  the  way  was  laid 
OQ  the  Barker  system.  It  is  now  in 
course  of  replacement  by  the  girder 

rail. 

In  April,  1892,  making  together 
about  twelve  street  miles,  there  were 
about  four  miles  of  the  Meakins  way, 
one  mile  of  the  Barker  way,  and 
seven  miles  of  the  girder  way. 

In  adopting  the  girder  rail  in 
1877,  Mr.  Stephenson,  failing  to  get 
what  he  reqidred  in  England,  had 
recouise  to  the  Phoenix  Works  at 
Rurhort,  where  he  succeeded  in 
getting  rails  of  section  No.  i. 
Fig.  41,  rolled,  which  he  adapted 

to  7-inch  paving.   No.  3  section  he  adopted  for  6-inch  paving. 


Fig.  41. 
w 

Fi 


South  London  Trani- 
Section  of  Kail  and 


way* : 
iib-platet.  Scale  |. 


Total  heijijht  of  rail 
Width  of  base 

Do.  head  . 

Do.  rolling  face 
Thickness  of  web 
Average  thickness  of  foot 
Weijfht  per  yard  . 


Vn.  t. 

8  inches 
6 

3i 
i| 

\  M 
i  M 

XI2  lbs. 


No.  a. 

7  inches 

6 

If 


90  lbs. 


»» 


Unusually  large  fish-plates  are  employed  for  the  girder  rail : 
2  feet  in  length,  about  |  inch  thick,  weighing  61  lb&  and  40  lbs. 
per  pair  reflectively. 


CHAPTER  VI. 


RECONSTRUCTION  OF  THE  LIVERPOOL 

TRAMWAYS. 

The  Liverpool  Tramways  were  reconstructed  in  1877 — 78>on  tlie 
^stem  of  Mr.  Geoige  F.  Deacon,  the  borough  engineer,  who 
prepared  the  plans  and  specifications  for  the  works,  and  under 
whose  superintendence  they  were  constructed.  They  comprised 
the  inner  circle  and  a  section  traversing  Lime  Street  and  Renshaw 
Street,  making  a  total  length  of  3,170  yards,  after  having  been  in 
operation,  as  originally  constructed,  for  a  period  of  six  or  seven 
years.  This  renewed  length  cost  for  maintenance,  in  1879, 
£aZ9  per  mile.   The  original  lines  then  in  course  of 

reconstruction  had  more  recently  cost  for  maintenance  from  £2^0 
to  ^500  per  mile. 

Inner  Circle. 

The  leading  feature  of  Mr.  Deacon's  system,  illustrated  by  Figs. 
42  and  43,  is  the  method  of  fastening  the  rail  to  the  longitudinal 

sleeper  and  the  foundation  of  concrete,  by  means  of  a  central 
bolt.  The  fastening  is  suitable  for  a  side-groove  or  a  ceiiti.il- 
groove  rail ;  litit  in  Liverj>ool  the  central  groove  has  been  adopted. 
The  widtli  of  exposed  metal  surface  is  thereby  reduced  to  a 
minimum,  whilst  the  whole  area  not  occupied  by  the  groove 
being  utilised  as  a  tread,  the  total  width  of  tread  or  rolling  surface 
is  greater  than  that  of  the  ordinary  grooved  rail. 

In  order  at  once  to  place  the  jjavement  and  the  rails  on  the 
same  foundation,  and  to  render  the  whole  surface  uniform,  the 
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streets  of  the  inner  circle  have  been  entirely  rcpaved,  and  provided 
with  new  foundations  of  concrete  for  their  whole  width  of  carriage- 
way, simultaneously  with  the  laying  of  the  tramways.  The  old 
foundations   of  the  tramways  and  the  streets  were  entirely 


FlO.  43.  Liverpool  Tramwayi: 
Imier  Circle  Rail  and  Faiten* 
ingli.   Scale  \, 


Liverpool  Tramways:  Sectioo 
of  Inner  Circle  Kail.  Scale  |. 


taken  out,  and  the  excavation  deaied  to  a  depth  of  14^  inches 
below  the  permanent  surface  of  the  streeL  On  the  bottom,  a 
foundation  of  concrete,  made  with  Portland  cement,  7  inches 
deep,  was  laid  for  the  whole  width  of  the  street,  and  finished  with 
a  smooth  surface.    The  concrete  was  left  alone  to  set  and 
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harden,  for  eight  days  at  least,  before  any  paving  was  laid.  The 
longitudinal  sleepers  on  which  the  rails  were  laid,  were  of  Memel, 
Dantzic,  or  Riga  red  pine,  5;,  inches  cleej)  and  3;  inches  wide. 
For  straight  lengths,  they  were  of  cither  of  two  lcnL;t!i>.  24  leet 
2  inches  or  iS  feet  i.V  inches.  For  cun'es  they  were  in  lengths  of 
6  feet  \  inch,  sawn  from  the  solid  wooil  to  the  re(iuired  curvature. 
The  upper  surface  of  the  sleeper  was  moulded  to  the  form  of  the  rail. 
Openings  were  cut  into  the  sleei>er,  from  the  upi)er  face  and  one  of 
the  sides,  to  receive  the  fastenings.  All  the  i>leei)ers  were  creosoted 
with  not  less  than  10  lbs.  of  creosote  oil  per  cubic  foot  of  timber. 
The  sleepers  were  ])laced  in  position  when  the  concrete  became 
perfectly  firm,  and  after  the  nuts  had  been  placed  on  the  holding- 
down  bolts. 

The  rails  are  of  Bessemer  steel,  weiphinc:  61  lbs.  per  yard, 
rolled  in  lengths  of  24  feet  2  inches  with  ten  per  cent.  21  feet  or 
17  feet  in  length,  and  making  up  pieces  of  shorter  lengths.  They 
are  3]  inches  wide  and  3}  inches  deep  over  the  flanges.  The 
groove  is  in  the  middle  of  the  U})per  surface,  r  inch  wide  and 
\\  inch  deep,  formed  into  a  semicircle  at  the  bottom.  The  upper 
bearing  surfaces  at  the  sides  of  the  groove  are  each  i  \  inches  wide  ; 
together  2^  inches.  Some  allowance,  Mr.  Deacon  admits,  must 
be  made  for  defective  gauging  of  wheels  and  rails ;  but  he  is  ot 
opinion  that  even  \  inch  is  ample  width  of  groove.  The  thick- 
ness of  the  rail,  measured  from  the  surface  is  inches.  Under 
the  groove  the  thickness  is  reduced  to  a  half,  or  \  )i  inches  ;  but, 
as  the  depth  of  the  groove  is  twice  as  great  as  the  depth  of  the 
wheel  flanges,  the  rail  cannot  be  worn  at  that  point  The  flanges 
depend  1 1  inches  below  the  head ;  they  are  of  great  strength, 
being  \  inch  thick  near  the  edges,  and  thickening  upwards.  The 
test  applied  to  the  rails  was  the  fall  ot  a  weight  of  20  cwt,  through 
a  height  of  is  feet,  upon  the  middle  of  a  rail  laid  on  supports,  on 
a  span  of  5  feet.  If  the  rail  be  cracked  by  this  test,  the  other 
rails,  made  from  the  same  charge,  are  liable  to  be  rejected.  The 
rails  were  also  tested  by  chemical  analysis.  Such  as  were  found  to 
contain  less  than  0*30  per  cent,  or  more  than  0*45  per  cent  of 
carbon,  were  liable  to  be  rejected. 
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The  rails  were  coatetl  at  the  under  side  with  thick  coal  tar, 
prq)arator)r  to  being  laid  in  position  on  the  sleepers.  They  are 
£utened  by  means  of  a  central  j-inch  bolt,  of  adjustable  length, 
ibnned  with  an  eye  at  the  upper  end,  which  embraces  a  |«tnch 
round-iron  cross  pin,  passed  horizontally  through  i-inch  round 
holes  in  the  flanges  of  the  rail.  The  bolt  passes  down  through 
die  sleeper,  and  nearly  through  the  stratum  of  concrete,  and  is 
fonned  with  a  head  at  the  lower  end,  which  takes  a  bearing  upon' 
a  round  cast-iron  plate  or  washer,  C  inches  in  diameter,  which,- 
with  the  lower  portion  of  the  bolt,  is  imbedded  in  the  conciete. 
The  bolt  is  parted  above  the  concrete,  within  the  body  of  the* 
sleeper,  and  the  parted  ends  are  united  by  a  right-aod-left*handed 
double  nut,  aflording  the  means  of  solidly  screwing  down  the 
Eul  upon  the  sleeper,  and  both  together  to  the  foundation.  When 
the  screwing  down  is  completed,  the  side  opening  is  covered  by  a 
sheet  of  canvas,  coated  with  red  lead.  A  holding-down  bolt  is 
applied  at  a  distance  of  8  inches  from  the  end  of  every  rail,  and 
intermediately  at  intervals  of  about  3  feet  2  inches.  The  holding- 
down  bolts  are  placed  in  position  before  the  washers  are  bedded, 
and  each  bolt  b  enveloped  in  a  cast-iron  thimble,  which  is  with- 
drawn after  the  concrete  is  set  In  laying  the  washers,  a  framed 
template  is  used,  from  which  the  bolts  are  hung  in  their  proper 
positions.  The  wrought  iron  was  to  be  capable  of  bearing  a 
tensile  stress  of  twenty-one  tons  per  square  inch.  The  cast  iron 
was  to  be  of  such  strength  that  a  bar  i  inch  square,  3  feet  6  inches 
long,  should  not  break  with  a  weight  less  than  S50  lbs.  applied  at 
die  middle,  on  a  span  of  3  feet. 

The  paving  sets  are  from  7  to  7}  inches  deep,  laid  on  a  J-inch 
layer  of  sand  ;  except  the  sets  next  the  rail,  which  consist  of  the 
most  dura  jje  stone,  the  luirdest  granite,  or  cross-graiiied  trap. 
These  are  careiully  liaaimer-dressed  in  such  a  manner  that  their 
edges  touch  the  sides  of  the  rails,  and  that  they  toucii  each  other 
at  their  surfaces  near  the  rails;  so  that  the  upper  surfaces  of  the 
paving  sets  next  the  rails  are  practically  continuous.  Mr.  Deacon 
considered  that,  by  tins  means,  the  rate  of  wear  and  loss  of  level  of 
pavement  next  the  rails  would  be  reduced  to  a  minimum,  and  that 
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the  inconvenience  of  hollows  or  differences  of  level  between  the  rails 
and  the  pavement  would  be  obviated.  The  sets  next'  the  rails  are 
bedded  on  cement  instead  of  sand ;  they  are  alternately  wholes  and ' 
halves,  and,  as  they  are  accurately  gauged  in  all  directions,  they 
can  be  drawn  and  replaced  by  similar  sets  without  disturbing  the 
surrounding  pavement  The  sets  are  from  5  to  7  inches  long, 
and  are  of  such  thickness  that  four  sets,  chosen  at  random  and 
placed  side  by  side,  may  measure  not  more  than  14  inches  across 
all  the  stones.  The  sets  are  laid  as  closely  as  is  consistent  with 
the  straightness  of  the  courses.  The  joints  are  then  filled  with 
clean  dry  gravel,  from  inch  to  |  inch  in  diameter,  which  is 
shaken  down  by  the  ramming  of  the  sets.  This  process  is  repeated 
until  the  joints  are  filled  with  gravel,  and  the  sets  no  longer  shake 
under  the  rammer.  The  joints  are  finally  run  up  with  a  boiling 
mixture  of  pitch  and  creosote,  by  which  the  smallest  crevice  or 
interstice  is  completely  occupied,  and  the  joint  is  made  watertight 
The  whole  length  of  the  inner  circle  has  been  reconstructed 
and  opened  for  traffic  The  ordinaiy  cars  run  upon  the  new- 
line  with  greater  ease,  it  has  been  reported,  than  upon  the  original 
portions  of  the  line.  As  the  ordinary  car  wheels  wore  out,  they 
were  replaced  by  central  flange  wheels,  having  a  tiLacl  on  each 
side  of  the  flange.  Until  the  whole  of  the  lines  w  ere  reconstnu  ted, 
the  central- iLuiLj;e  wheels  ia.u  upon  both  the  side-grooved  aaid  the 
centrai-gruovcd  rails. 

Branch  Lines. 

The  general  principle  adopted  in  the  con^itRiction  of  the  inner 
circle  of  tramways,  by  which  uniformity  oi  foundation  and  of  pave- 
ment was  insured,  and  by  which  the  rail  was  firmly  secured  to  the 
foundation,  was  maintained  in  the  modified  design.  Figs.  44and45, 
proposed  for  the  branch  lines,  which  are  thus  described  : — 

Throughout  the  inner  circle,  paving  sets  from  7  to  inches 
deep  have  been  employetl  ;  hut  these  dimensions  exceed  by 
I  inch  the  depth  of  paving  sets  generally  adopted  in  Liverpool, 
for  all  streets  e.vcept  those  of  the  very  heaviest  traffic.  If  rails 
of  the  same  section  as  that  of  the  rails  laid  on  the  inner  circle 


Digitized  by  Google 


UVERPOOL  TRJLMIVAYS. 


M5 


were  employeti  for  the  shallower  paving,  it  would  be  difficult  to 
reduce  the  depth  of  the  sleepers  by  i  inch,  without  unduly  cutting 
away  ihe^sleeper  at  each  bolt  For  this  reason,  and  also  with  a 
view  to  the  arrangement  of  the  fostenings,  so  that  the  rail  night 
either  be  fastened  down  or  removed  without  disturbing  any  sets. 


F10.44.  LtTcrpool  TVuBwayi :  Fio.  45.     Liverpool  Tkmmu-ays  : 

Section  of  Central  Groored  Section  of  Central  Grooved  Rail, 

Kail  and  Fastenings.  Scale  \,  Scale  \ . 


the  cast-iron  washers  differ  from  those  of  the  inner  circle,  in 
having  a  larger  hollow  to  receive  the  head  of  the  bolt,  and  having 
the  bolt  hole  lialt  an  inch  larger  than  the  bolt.  Before  the  concrete 
vas  laid,  the  level  of  the  washer  was  fixed  by  a  slate,  placed 
"Underneath  it,  or  by  a  stone,  or  a  brick,  by  which  the  washer 
was  supported.    While  the  concrete  was  being  formed  above  the 
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washer,  the  thimble  remained  round  the  bolt,  and  was  withdntwn 
when  the  concrete  was  set.  The  vertical  holes  through  the  sleepen» 
also,  were  half  an  inch  larger  than  the  bolts.  The  upper  end  of 
the  bolt  was  screwed  into  a  covered  nut  of  phosphor  bronze,  which 
was  sunk  into  the  rail,  through  the  bottom  of  the  groove,  and  made 
a  tight  fit  therein  with  red  lead.  The  bolt,  where  it  passed 
through  the  railf  was  also  a  good  fit.  As  the  bolt  was  free  to  move 
in  the  concrete,  vertically  or  laterally,  with  the^rail,  the  joint  was 
free  firom  liability  to  dislocation  by  vibration  or  weight  of  traffic. 

In  the  fastenings,  shown  in  Fig.  44,  the  cast-iion  washer 
projects  upwards  so  that  its  upper  side  is  flush  with  the  concrete. 
The  concrete  could  therefore  be  finished  off  without  interference 
with  any  such  projecting  parts.  The  concrete  between  the  jaws 
was  afterwards  scraped  out,  and  the  head  of  the  bolt  was  inserted. 
When  the  sleeper  was  laid,  a  mixture  of  boiling  pitch  and  creosote 
oil  was  run  into  the  groove  to  fill  the  hole  in  the  sleeper  and  the 
space  between  the  jaws.  This  asphalte  was  plastic  when  set ;  and, 
whilst  it  prevented  the  bolt  from  turning,  it  allowed  it  to  vibrate  with 
the  rail  The  washer  is  rectangular  in  section,  3  inches  long  by 
6  inches  crosswise  of  the  rail  With  such  a  fastening,  it  is  said 
that  the  tramway  can  be  laid  with  facility,  and  as  there  is  a  liberty 
of  3  inches  one  way,  and  \  mch  another  way,  for  setting  the  bolt 
head  between  the  jaws,  no  special  degree  of  nicety  is  required  in 
setting  the  bolt  The  ftstenings  are  now  under  the  heaviest 
traffic  in  Liverpool. 

The  rail.  Fig,  45,  is  of  steel  and  weighs  42  lbs.  per  yard.  It  is 
made  of  the  T  section,  having  the  central  groove  and  the  central  web. 
It  is  3  inches  wide  and  2  J  inches  deep.  The  nut  is  screwed  up  by 
means  of  a  lour  pronged  key,  and  Mr.  Deacon's  experiments  show 
that  one  man  can  readily  draw  dowii  tiie  rails  witli  a  [iicssure  of 
from  two  to  three  tons  at  each  fastening.  Thedeptli  of  the  rail  and 
sleeper  together  amounts  to  6  inches,  which  is  also  the  depth  of 
the  paving  sets.  For  country  or  suburban  lines  a  i)erfectly  finn 
tramway  may  be  constructed  on  this  principle  by  merely  laying 
each  line  of  sleepers  on  a  foundation  of  concrete  9  inches  or 
18  inches  wide.   In  Canada,  where  timber  is  plentiful,  a  line  of 
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tiamways  lias  been  proposed,  on  the  principle  of  the  line  now 
described,  widumt  any  foundadons  of  concrete,  but  with  longi- 
tudinal foondatioos,  conssting  of  tionber  sleepers  laid  flat  on  their 
sides,  to  support  the  grooved  sleepers  and  the  rails. 

It  has  been  found  in  die  experience  that  has  been  had  hitherto 
of  Mr.  Deacon's  system  of  fastenings,  that  neither  cross-sleepers  nor 
cross-ties  are  necessary.  Under  the  heavy  traffic  of  the  principal 
streets  of  Liverpool  the  gauge  has  been  maintained. 

Althouch  Mr.  Deacon  recommended  the  application  of  the 
centml  ^rou\e  for  tramways  which  are  not  connected  with  .side- 
groove  lines,  yet  the  principle  of  the  rails  and  fastenmgs  which  he 
adopted  may,  with  equal  facility,  be  employed  for  the  side- 
groove  rails. 

The  annexed  table,  No.  40,  contains  particulars  of  the  cost  of 
construction  of  tramways  on  Mr.  Deacon's  t;\  stems,  for  four  kinds  of 
way,  illustrated.  The  third  and  fourth  are  two  lighter  and  less  costly 
forms,  on  the  same  leading  principle  of  construction  as  the  second 
design.  The  rails  weigh  only  35  lbs.  per  yard,  and  are  absolutely 
stronger  than  many  rails  of  older  forms  and  greater  weight 

The  cost  of  the  stone  pavements  of  Liverpool,  exclusive  of 
concrete  foundation,  comprising  the  stone  sets,  a  layer  of  sand, 
and  grouting  of  gravel  and  asphalte — is  about  9s.  per  square  yard, 
when  the  sets  are  6  inches  deep,  and  6s.  6d.  wlien  the  sets  are 
4  inches  deep.  The  costs  per  yard  forward,  and  per  mile^  two 
iS-inch  breadths  outside  the  rails,  are  as  follows : — 

StDgle  line.  Far  fud  Ibrwanl.  Per  mile. 

it    !•    d.  £      «.  J. 

For  sets  6  inches  deep   .      .      .      .126        1,804  o  o 
Do.    4    f«      M       -      •      •      .  o  16  3        1,430  o  o 

Crossings  and  Points. 

Throughout  the  reconstructed  lines  the  crossings  are  fom^  by 
bevelling  the  ends  of  one  of  the  lines  of  rails,  and  cutting  a  groove 
across  the  other  line  of  rails.  The  fixed  points  are  of  chilled  cast- 
iron,  and  those  which  are  movable  have  shear-steel  tongues.  In 
the  ofdinaiy  nde-gxooved  points  the  tread  of  the  wheel  travels  for 
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some  distance  only  on  the  thin  edge  of  the  point,  and  so  lapidly 
wears  it  down.  When  the  point  is  thus  worn  the  wheel  sinks  and 
runs  below  the  level  of  the  rail ;  and,  in  passing  over  the  point 
from  the  branch  to  the  main  line,  it  has  to  remount  on  the  main 
fine  fail,  an  operation  by  which  an  inclined  plane  is  gradually 
worn  into  the  surface  of  the  laiL  This  evil,  it  is  thought,  is  to  a 
great  extent  obviated  by  the  use  of  the  central  flanged  wheels 
employed  to  run  upon  Mr.  Deacon's  rails,  for  one  of  the  treads 
of  the  wheel  has  always  a  bearing  upon  the  tread  of  the  rail.  In 
order  still  further  to  increase  the  width  of  bearing  surface,  the 
width  of  the  groove  at  or  near  the  point  is  reduced  as  much  as  is 
practicable;  and  the  wheel,  in  running  over  the  point  from  the 
branch  line,  arrives  in  a  much  shorter  distance  upon  the  tread  of 
the  main-line  rail  With  the  same  object  in  view— the  presetva* 
tion  of  continuity  of  bearing  surface— the  depth  of  the  groove  at 
and  near  the  joint  is  made  the  same  as  the  projection  of  the 
wheel  flange^ 

For  the  subsequent  work  of  reconstruction  or  renewals,  under 
the  direction  of  Mr.  Clement  Dunscombe,  the  city  engineer,  Mr. 
Deacon's  system  was  adopted  by  him,  subject  to  modifications 
with  respect  to  the  fastenings  and  the  employment  of  sleepers  of 
cast*iron.  In  a  report  to  the  City  Council  Mr.  Duncombe  laid 
down  the  leading  conditions  for  the  best  system  of  tramway  as 
follows : — 

1.  The  rail  and  sleeper  are  fastened  down  to  the  concrete 

foundations  by  means  of  suitable  fastenings. 

2.  i  he  sleepers  arc  practically  continuous. 

3.  The  rail  can  be  replaced  or  tightened  up  without  disturbing 
the  paving. 

4.  The  sleepers  present  a  true  vertical  face,  free  from  all  pro- 
jections, so  as  to  admit  of  close  paving  on  each  side  of  the  rail. 

On  a  solid  foundation,  with  durable  pavement,  of  which  the 
sets  next  the  rails  are  specially  dressed  and  accurately  gauged, 
such  a  system,  he  adds,  possesses  all  the  elements  for  a  good 
tramway.  Whilst  the  inner  cirde  was  laid  with  Mr.  Deacon's  H 
rail,  as  it  may  be  called,  with  fastenings  worked  from  the  side 
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(s<^e  Fig.  42),  an  experimental  length  of  12  yards  of  single  line, 
of  the  T  section,  "the  central  grooved  rail,"  fixed  by  **jaw 
washers,"  was  laid  in  Lord  Street,  at  its  junct:on  with  South  John 
Street,  in  November,  1877,  and  has  been  in  use  since  that  time. 
At  this  point  the  heaviest  cross-traffic  over  the  tramway  exists, 
exceeding  2A  millions  of  tons  per  annum,  besides  an  exceptionally 
large  longitudinal  traffic,  in  which  loads  oi  seven  tons,  on  four- 
wheeled  trucks,  are  common,  with  occasional  loads  of  12  tons.* 
On  January  15,  1881,  a  rail  of  each  kind  of  way  was  taken  up  at 
the  given  place  in  Lord  Street,  an<l  the  condition  of  the  rails, 
sleepers,  and  fastenings,  after  three  years*  work,  was  found  satis- 
factory.    During  that  interval,  all  that  was  recjuired  to  maintain 
the  rolling  surface  in  good  condition  was  the  occasional  tightening 
of  the  rails,  especially  at  the  joints.    Mr.  Dunscombe  hence  con- 
cluded that  rails    the  T  rails — which  could  be  tightened  or 
replaced  from  the  surface,  were  i)rcferable  to  those — the  H  rails — 
which  necessitated  the  removal  of  the  pavement  in  order  to  gain 
access  to  the  fastenings.    For  this  reason  he  selected  the  T  section 
for  further  construction ;  and  also  as  afifoiding  the  maximum  degree 
of  strength,  in  combination  with  the  minimum  quantity  of  metaL 
He  also  adopted  continuous  sleepers  of  cast  ixon,  of  special  design, 
in  preference  to  timber  sleepers,  in  order  to  insure  a  valuable  asset,  as 
a  perfect  substructure,  when  the  lease  of  the  tramways  to  the  Tram- 
way Company  shall  expire  on  December  31st,  1896.   The  general 
design  and  construction  are  shown  in  Figs»  46,  47,  481  and  49. 

The  specification  for  the  reconstruction  and  extension  of  the 
Liverpool  Tramways  provided  that  the  eiusting  carriage  wajrs  were 
to  be  excavated  to  a  depth  averaging  14  i  inches  below  the 
finished  sur&cc^  for  the  Whitechapd  and  the  Pierhead  routes,  and 
i3|  inches  for  the  remaining  routes.  Beds  of  concrete  were  to 
be  laid  respectively  7  inches  and  6  inches  deep,  and  carefiilly 
floated  to  the  contour.  The  concrete  was*  to  be  composed  <^ 

•  See  Mr.  G.  F.  Deacon's  paper  on  "  Street  Carriage-way  Pave- 
ments," in  the  Minutes  of  Proceedings  of  iiie  Institution  of  Civil 
Engineers,  1879,  vol.  Iviii.,  p.  i,  for  an  iastractive  notice  of  the 
street  tiafSc  of  liverpooL 
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5  parts  by  measure  of  perfectly  clean  river  or  sea  gravel,  5  parts  of 
broken  hard  stones,  and  i  part  of  Portland  cement.  The  cement 
was  to  bear  successfully  the  followiDg  tests : — 


R0.4;.  I>eaeoii*s  Way,  at  laid  by  Mr.  DoiMGombe,  Liverpool.  Scal«iAr* 


1.  It  is  not  to  leave  a  residue  exceeding  ten  per  cent,  when 
sifted  through  a  No.  50  gauge  wire  sieve. 

2.  Samples  gauged  with  water  are,  within  twenty-four  hours,  to 


Scale  ^. 


be  immersed  in  still  water,  until  they  are  seven  days  old,  when 
they  are  to  resist  a  tensile  stress  of  at  least  800  lbs.  on  the 
sectional  area  of  2  \  square  inches. 

3.  Slow-setting  cement  is  not  to  be  firm  within  three  hours,  and 
quick-setting  cement  is  to  be  firm  within  half  an  hour.  The  test 
ibr  firmness  is  that  of  resistance  to  the  finger  naiL 
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Oa  consoladated  bottoms— haid-pitched  or  odierwbe--a  bed 
of  bituminoiis  concrete  may  be  laid  instead  of  cement  concreter 
Clean,  diy,  hard,  broken  stone^  or  foundry  slag,  in  pieces  not 
laiger  than  3  inches,  is  to  be  laid,  and  well  rolled  and  filled 
up  with  boiled  pitch  and  creosote  oil.  The  suf&ce  is  to  be*  - 
coveied  with  fine  broken  stone  or  gravd,  and  well  rolled.  Where 
the  depth  is  insufficient  for  holding  down  the  rail,  the  ground 


FfO.  49.    Deacon*t  Way.  a4  Flo.  50.   Deac«m*a  Rjul, 

laid  by  Mr.  Dunscombe,  limpooL    Scale  |. 

Liverpool.  Section  of  Kail, 
Sleep«r,  and  Jav.  Scale  \. 


below  the  rail  is  to  be  removed  for  a  width  of  9  inches  on  each  side 
of  the  rail,  to  the  requisite  depth,  and  the  space  is  to  be  filled  with 
concrete. 

The  paving  for  the  whole  width  extending  iS  inches  outside  the 
rails,  is  to  be  of  granite  or  syenite  sets,  7  J  inches  deep,  3}  inches 
wide,  and  from  5  to  S  inches  in  length,  for  the  Whitcchapel  and 
Pierhead  routes ;  for  the  remaining  routes,  6^  inches  deep,  3^  inches 
wide,  and  from  5  to  7  inches  long.  To  be  laid  on  a  i-inch 
layer  of  fine  gravel.  The  sets  of  syenite,  next  the  rails,  are  to  be 
finely  dressed  at  the  sides  abutting  the  rails,  so  as  to  touch  them 
q;>pcoximately  at  all  points ;  the  upper  edge  is  to  touch  the  rail 
for  its  entire  width,  and  the  base  of  the  set  is  to  bear,  at  its 
extreme  ends,  on  the  bedding.  The  sets  next  the  nil  are  to  be 
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gauged  so  that  they  touch  in  the  joints  at  right  angles  to  the  rail 
for  a  length  of  at  least  2  inches  from  the  rail. 

The  rails  are  of  Iksscmcr  steel,  weighing  40  lbs.  per  yard,  of 
T  section,  Fig.  50,  with  a  central  groove,  i  inch  wide,  and  treads 
each  I  inch  wide  and  \  inch  thick,  making  a  total  widtli  of 
3  inches.  The  rail  is  2\  inches  in  depth,  and  the  web  or  body 
ot  the  rail  is  inches  thick  at  the  lower  part.  The  length  of 
ordinary  rails  are  to  be  27  feet  Z\  inches  and  21  feet  85  inches. 
But  a  proportion  of  the  whole  ([iiaiitity  of  rails,  not  exceeding 
seven  per  cent.,  are  to  be  24  feet  8i'  inches,  18  feet  8^  inrhcs.  and 
15  feet  8i  inches  in  length.  Curved  rails  are  to  be  bent  while  hot 
to  true  curves.  The  rail  is  drilled  vertically  for  the  holding-down 
bolts,  at  distances  of  three  feet  between  the  centres  of  the  holes ; 
except  at  the  ends,  where  the  centres  of  the  termiDal  holes  are 
4f  inches  from  the  ends  of  the  rail. 

The  limits  of  the  composition  of  the  steel  axe  to  be  as  follows : — 

Phosphorus,  not  above  ....     'lo  per  cent. 
Carbon  from  -25  10-45,  average    .      .     *35  m 
Manganese,  not  exceeding  .     .  .1*00 

There  is  not  to  be  any  more  silica  in  the  steel  than  is  neoessaiy 
for  working  it 

The  rails  are  tested  chemically  for  the  percentages  of  carbon, 
phosphonis,  manganese,  silica,  &c.  For  this  purpose,  examples 
are  taken  from  each  converter  charge,  consisting  of  2  ounces  of 
borings.  The  mechanical  tests  and  the  results  of  the  tests  are  a» 
follows : — 

1.  The  drop  test :  a  weight  of  30  cwt  to  fall  from  a  height  of 
10  feet  upon  the  centre  of  a  rail  supported  on  bearings  3  feet  apart, 
without  ixacture.  The  average  deflection  for  twenty-two  tests  of 
pieces  of  rail,  consisting  of  crop  ends  from  4^  feet  to  %\  feet  in 
length,  was  for  nine  drilled  rails,  9I  inches,  and  for  twenty  undrilled 
rails,  8f  inches.  In  this  case  the  holes  for  the  drilled  rails  were 
pbuxd  directly  on  the  bearings. 

2.  Tensile  test:  pieces  cut  from  rails  to  have  a  tensile  strength 
offiom  28  to  31  tons  j>er  square  inch,  with  an  elongation  of  20 
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per  cent  in  a  length  of  6^  inches.  The  average  breaking  weight 
for  three  tests  was  28^  tons  per  square  inch,  and  the  elongation 
30  per  cent 

3.  Hot  bending  tests :  strips  heated  to  a  cherry-red  heat  to 
bend  double  round  a  curve  of  which  the  diameter  shall  not  exceed 
three  times  the  thickness  of  the  piece  tested.  Results  di  three 
tests  satisfactory. 

4.  Cold  bending  tests  :  samples  of  rails  to  be  bent  double  when 
cold,  to  a  radius  of  6  inches,  having  the  groove  inside  the  curve. 
Results  of  two  tests  satisfactory. 

5.  Deflection  test :  rails  supported  upon  bearings  3  feet  apart, 
and  loaded  at  the  centre,  to  have  an  elastic  limit  of  7  tons  of 
load.  For  seven  tests  the  greatest  elastic  limit  was  10  tons,  the 
least  5  tons  (rejected)  j  the  average,  y  i  tons. 

In  another  series  of  tests,  tlesigne<i  to  ascertain  the  difference  of 
deflection  when  a  drilled  hole  was  placed  at  the  nutklle  of  the 
space  between  the  supports,  the  following  results  of  tests  were 
obtained  : — with  ist,  a  drilled  rail  10  feet  long,  the  drilled  holes 
being  placed  on  the  supports ;  2n(l,  another  \^x\.  of  the  same 
rail  as  No.  i,  having  a  drilled  hole  at  the  centre  between  the 
supports  ;  3rd,  the  first  exj)erinient  repeated  with  a  piece  of  another 
rail  10  feet  long  ;  4th,  with  a  i>iece  of  the  same  rail,  the  second 
experiment  repeated.  The  loads  were  apyilied  gradually  V>y  means 
of  a  steam  lever  machine,  at  the  middle,  between  the  supports : — 
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These  results  show  that  the  stiffness  of  rails  within  their  elastic 
ranges  was  not  materially  affected  by  the  ])resence  of  drilled  holes. 

Two  pieces  of  rail,  \  inch  scjiiare,  tested  for  tensile  strength,  broke 
each  vvkh  a  load  of  19 i  tons,  equrvalcnL  to  50  tons  per  square 
inch,  with  an  elongation  of  16  per  cent,  in  6:J  inches. 

The  sleepers  are  of  tough  cast  iron,  containing  not  less  than 
one-sixth  of  good  foundry  scrap.  They  weigh  (;o  lbs.  per  yard, 
and  are  of  a  trough-like  section.  They  are  5  leet  1 1 1  inches  in 
length,  except  at  junctions,  where  they  are  3  feet  %l  inches  long, 
and  ai  curves  2  feet  \  \\  inches.  They  are  made  with  transverse 
ribs,  and  the  recesses  are  overarched,  within  the  casting.  They  are 
filled  to  the  level  uf  the  under  side  of  the  rad  with  Portland - 
cc[iicnt  t  oncrete  ;  and  the  recesses  are  protected  by  a  eoaiiiig  of 
Dr.  An^us  Smith's  solution — pitch  and  creosote  oil — while  heated 
to  ;i  Lcnij>ci  ature  of  320"^  Fahr. 

Special  sleepers  are  laitl  at  the  ends  of  the  points,  and  elsewhere 
where  required.  Besides  giving  a  bearing  for  the  rails  they  occupy 
the  angular  space  formed  at  the  points,  where  tliey  are  roughened 
at  the  surface.  They  are  3  feet  in  length  and  are  cast  of  the  best 
cold-blast  iron,  chilled  for  a  depth  of  at  least  }  inch. 

The  points  are  9  feet  long,  and  are  either  fixed  or  movable. 
Fixed  po  ints  are  laid  where  the  traffic  is  in  one  direction  only,  and 
.  also  on  trailing  points.  They  are  of  cold- bla^it  iron  and  chilled. 
Movable  points  are  laid  for  branches,  having  a  movable  tongue 
of  tough  cast  steel,  pinned  to  the  stock  by  means  of  a  cylinder- 
conical-headed  bolt  and  nut  of  pho'^phor  bron/.e,  and  controlled 
at  the  other  end  by  means  of  a  steel  pin,  passed  through  the  point. 
Both  the  steel  switch  and  its  bed  are  planed.  The  point  castings 
are  3  inches  wide  at  the  narrow  ctkI,  and  6  inches  at  the  broad 
end  \  cast  hollow,  and  ^ed  with  Portland  cement  concrete  flush 
with  their  lower  sides. 

Crossings  are  of  cold-blast  iron,  made  with  sleepers  for  the  two 
sails  at  each  end,  with  solid  angular  spaces  roughened.  The 
exposed  surfaces  are  chilled.  The  crossings  are  cast  hollow  and 
filled  with  concrete. 

For  the  cast-iron  sleepeiSi  test-bars  i  inch  square  and  4s  inches 


156 


CONSTRUCTION  OF  TRAMWAYS, 


long,  are  to  support  a  load  of  not  less  than  800  lbs.  placed  mid- 
way  between  supports  3  feet  ai)art  For  the  points  and  crossings, 
like  test-bars  are  to  support  not  less  than  850  lbs.  at  the  centre 
for  a  clear  interval  of  five  minutes.  Of  340  test-bars  for  sleepers, 
the  transverse  resistance  was  from  S04  lbs.  to  1,150  lbs.;  and 
avfjr:igctl  845  lbs.  ;  and  the  deflection  was  from  ^  inch  to  i.]  inches, 
averaging  |J  inch.  Of  55  test  bars  for  points  and  crossings, 
the  transverse  resistance  was  from  950  lbs.  to  1,220  lbs.  and 
averaged  986  lbs. 

The  rails  are  fastened  to  the  sleepers  by  means  of  cylinder 
conical-headed  No.  6  phosphor  bronze  ,\  inch  bolts,  and  wrought 
iron  collar  nuts.  The  bolts,  coated  with  red  lead,  are  passed 
through  holes  drilled  to  gauge  r?ntrally  through  the  rails  and 
through  holes  drilled  in  the  up|)€r  part  of  cast-iron  holding-down 
jaws,  which  are  solidly  embedded  in  the  foun<iation  of  concrete. 
The  collar  nuts,  of  the  best  rivet  iron,  take  a  bearing  within  the 
jaws ;  and,  when  screwed  up,  they  pull  down  the  rail  and  sleeper 
together  to  the  foundation.  To  preser\'e  them  from  oxidation 
the  recess  in  which  they  are  lodged  is  filled  with  plastic  pitch.  By 
means  of  the  slot  or  groove  rut  across  the  head  of  the  bolt,  it  may 
afterwards  be  tightened  up  with  a  suitable  driver  tVom  the  surface ; 
and  while  the  nut  is  held  firmly  in  its  plastic  envelope,  the  enveloj)e 
is  suthciently  elastic  to  admit  of  slight  compensator)'  moi'ements 
of  the  bolt  from  above,  under  heavy  traffic  from  above.  The 
bolts  are  screwed  with  twelve  threads  to  an  inch. 

The  bolts  and  nuts  were  then  tested,  to  the  extent  of  r  per 
cent,  of  samples,  by  screwing  the  nuts  home,  suspending  the  bolts 
by  their  necks  in  a  closely  fitting  socket,  and  hanging  a  load  of 
3  tons  from  the  nut  for  fifteen  minutes.  Dtiring  this  interval  the 
bolt  was  turned  once  round  in  the  nutas  often  as  might  be  required. 
After  the  bolt  was  released  and  unscrewed,  if  any  indications  were 
visible  of  stripping  of  the  thread  of  either  the  bolt  or  the  nut,  or  of 
the  collapse  of  the  neck  of  the  bolt,  or  of  any  other  defect,  the 
fastenings  were  rejected.  Fifteen  bolts  out  of  385  thus  tested  were 
broken. 

The  test  load  of  5  tons  for  the  bolts  and  nuts  was  determined 
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by  the  following  process  : — An  experimental  8-inch  wrought-iron 
bolt,  screwed  with  14  threads  to  the  inch,  and  cupheaded,  was 
susj)ended  by  a  cylindrical  gun-metal  nut,  i  inch  in  diameter  and 
1^  inches  in  length,  from  a  horizontal  bar.  The  nut  was  turned 
round  from  the  top  by  means  of  a  cross-headed  key,  of  which  the 
head  was  1 6  inches  long,  by  a  strong  workman.  On  the  cup  head, 
xit  the  lower  end,  a  circular  disc  was  placed,  loaded  with  heavy 
weights  until  the  workman  became  unable  to  turn  the  nut  from 
the  top  by  means  of  the  key.  The  limiting  weight  was  found  to 
be  2jf  tons  nearly.  The  test  load  was  therefore  fixed  at  3  tons  : 
a  greater  strain  than  would  ever,  in  practice,  be  put  upon  the 
fagtenings. 


Fiot.  51  and  5a.  Deacon's  Wav,  liveipool. 
Allcraathre  Fttteoiog.  Salci. 


A  proposed  modification  of  the  fastenings  now  employed  is 
shown  in  Figs.  51  and  52.  The  bolt  is  reduced  from  6^  inches  to 
i\  inches  in  length,  and  is  fitted  with  a  wrought*iron  socket  holt, 
with  a  nut  and  collar  head. 

The  way  is  laid  as  follows : — On  the  floor  of  the  excavatioa 
6-inch  cubes  of  concrete  are  laid  at  intervals  and  levelled  for  the 
support  of  the  sleepers.  The  rails  are  laid  on  the  sleepers,  the 
bolts  are  inserted,  and  jaws  are  attached.  A  washer  \  inch  thick 
Is  temporarily  inserted  between  the  top  of  the  jaw  and  the  crown 
of  the  arch  in  the  s]eq)er.  The  rails  having  been  placed  to  gauge, 
Ihe  foundation  of  concrete  is.  laid  in    well  packed  under  die 
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sleepers  by  means  of  steel  rammers.  licn  the  ( oncrete  has  set, 
the  bolts  are  withdrawn,  that  the  temporar\'  washers  may  be 
removed,  and  replaced  and  screwed  up  from  above.  The  rails  are 
thus  drawn  down  to  the  foundation,  under  a  pressure  estimated  at 
3  tons  for  each  bolt,  the  recesses  are  then  filled  with  plastic  pitch, 
and  the  work  is  ready  for  the  paving. 

The  contract  prices  (April,  1881)  for  material  delivered 
upon  the  respective  works,  and  upon  which  the  nett  cost  of  the 
liverpool  tramways  has  been  based,  were  as  follows 


8  IS 

0  per  ton. 

0  „ 

6  0 

0  „ 

Holding-down  jaws,  Szc.  ...... 

0 

^  WW 

Special  sleepers,  pomts  and  crossings  (cold>blast 

iron)  chilled  on  exposed  surface,  inclusive  of  all 

9  S 

0  „ 

3  8 

opercwt. 

9  >7 

Syenite  sets,  3^  inches  wide,  6^  inches  deep,  and 

I  9 

0  per  too. 

0  8 

8  n 

0  5 

6  „ 

Do.  per  cubic  yard  of  concrete  .... 

0  4 

9  *• 

Portland  cement  (Corporation  standard) 

I  19 

6 

Do.  per  cubic  yaid  of  concrete  «... 

0  5 

9  »» 

Dee  gravel  

0  5 

6  „ 

Do.  per  cubic  yard  of  concrete      .  ... 

0  5 

9  ». 

Shingle  for  filling  joints  of  paving- . 

0  6 

6 

Do.  per  square  yard  of  paving  .... 

0  0 

I  6 

6  „ 

0  0 

s£pergaL 

0  4 

0  per  day. 

0  5 

0  ». 

Foremen  7s.  6d  and  8s.  6d. 

Labourers  •     .03  10 
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Wages — continued, 

Paviors  (outside  tramway  limits)  piece-work*  6id.  per  square  yard. 
Do.  (inside  do.)   9d.  per  square  yard. 

Masons  05  6  per  day. 

Set  dressers,  day-work  060,} 

Do.  piece-work.  Various  prices  which  are  rei^ulated  according^  to 
Q>ecial  class  of  sets  required,  and  vary  from  7s.  6d.  to  16s.  per  ton. 

Quantities  and  Costs  (Contract  Prices)  per  Mile,  Single 
Line,  of  Deacon's  System,  as  laid  by  Mr.  Dunscombe  in 
Reconstkuction  and  Extension,  Liverpool  Corporation 


Tramways,  1880*81. 

d. 

Bessemer  steel  rails,  drilled  complete, 

£ 

£ 

a. 

40  lbs.  per  yard,  62*85  tons  . 

8 

0 

550 

0 

0 

Ca»t-trofi  sleepers,  covered  with  non« 

conostve  covering  complete,  90  lbs. 

per  yard,  141-42  yards 

»* 

S 

14 

0 

806 

2 

0 

Cast-iron  holding-down  jaws,  do.  16*50 

>> 

5 

14 

0 

04 

I 

0 

Phosphor  bronze  bolts,  13^  cwt. . 

9 

10 

0 

12 

b 

Wrouglit'tron  nuts,  i8i  cwt. 

*% 

3 

8 

0 

44 

16 

0 

Excavation,  12^  inches  deep,  including 

carting  and  tipping,  1,825  cubic  yds. 

0 

4 

2 

380 

4 

I 

Portland  cement  concrete,  7  inches 
deep,  including  labour  of  mixing  and 
spreading,  and  finishing  to  an  even 

surface,  for  paving,  98$^  cubic  yds.  o  18  6  914  7.  o 
Laying,  comprising  all  labour  and 
materiak  for  filling  sleepers  with 
concrete,  filling  recesses  with  pitch ; 
and  all  platelaying  in  connection 
with  jaws,  sleepers,  rails,  and  fasten- 
ings, 1,760  lineal  yards  •      •      •   ,,    o   I   6         132   o  0 

2  7 

Paving ;  syenite  set  paving,  inches 
by  6\  inches,  including  all  labour 

and  materials,  4,400  square  yards  .   „    o  11   2       2,456  o  o 

Total  for  way  and  paving         •     »     *£StS^  2  7 

*  These  prices  include  all  labour  from  the  formation  of  the  upper 
surface  of  the  concrete* 
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A  tramway  similar  in  construction,  for  light  traffic  on  suburban 
lines,  was  designed  by  Mr.  DunscomLc.  \Mth  Bessemer  steel 
rails  of  30  lbs.  per  yard,  and  cast-iron  sleepers  of  60  lbs. 
per  yard  : — 


Rails,  47' 15  tons  . 
Skepen»  94-29  toos 
Jaws,  ii'ootons  . 
Bolts,  6'S7  cwt.  . 

Nuts,  23-60  cwt. 

Laying  1,760  lineal  yards 


Per  mile,  stogie  line. 

C 
®  8 


5 
5 

M  9 

M  O 


1. 

10 

8 
I 


d. 
o 

o 

o 

o 

o 

i 


412 

537 
63 

65 

47 
110 


M 
6 

2 
o 


d. 
o 

7 
o 

3 

10 

o 


1,3,14  xo  8 

Fouadation  and  paving  a,soo  o  o 


Total  for  way  and  paving  . 


Sleepers  of  cast  iron,  90  lbs.  per  lloeal 
yard,  d      14s.  per  ton 

Sleepers  of  best  Baltic  red  pine,  6  inches 
by  "  inches,  shaped  to  pattern,  and 
creosoted,  @  5s.  6d.  per  cubic  foot 

Difference  in  favour  of  timber 
sleepers  per  lineal  mile  . 


Per  lin«al  yard, 
mniiile  line. 
■.  d. 


The  comparative  cost  of  timber  sleepers  and  cast-iron  sleepers 
may  thus  be  stated : — 

Per  lineal 

mile. 
£,  d, 

93  806  tj  4 

4   \\      363  o  o 
;^443  13  4 


The  experience  for  the  last  ten  years  (1S93)  of  the  Lyver  system 
of  tramways  as  laid  in  Liverpool  appears  to  show  that  the  economy 
of  maintenance  anticipated  by  the  inventors  has  been  justified. 
During  the  decade  the  traffic  has  been  enormous;  and  the  wear  and 
tear  of  the  lines  is  materially  influenced  by  the  traffic  ever  flowing 
to  and  from  the  docks. 

On  the  basis  of  zoo,ooo  tons  of  tniflic  per  annum  on  one  rail, 
the  wear  has  been  about  *oi5  inch,  equal  to  *oo86  of  the  original 
weight :  40  lbs.  per  lineal  yard.  Of  course  the  rails  have  varied 
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in  their  wear  accoxding  to  the  particular  conditions  of  their 

locality. 

The  cost  of  mainfenance  over  the  47 1  miles  was  under  i  per 
cent,  per  annum,  on  the  basis  of  a  cost  of  ;£6,ooo  per  mile.  This 
price  is  for  a  first-class  pennanent  way  on  concrete  foundations 
into  which  the  rails  are  secured. 

A  lighter  and  cheaper  form  has  been  designed  for  and  success- 
fully  used  in  country  places  where  there  is  no  concrete  bottom 
or  foundation,  or  where  the  employment  of  concrete  is  to  be 
reduced  to  a  minimum.  In  this  case,  the  rail  is  secured  to  a 
troughed  girder  sleeper,  and  the  cost  of  a  lo-lb.  steel  rail,  sleeper, 
and  fastening  would  not  exceed  ;f  1,500  per  mile. 

Another  modification  of  the  Lyver  system  consists  in  its  applica- 
tion to  dock  railways  on  which  locomotives  are  used. 

The  advantages  of  a  channeled  rail  in  towns  instead  of  the 
ordinary  forni  of  railway  track  is  obvious  as  regards  its  non- 
interruption  of  ordinary  traffic,  non-disturbance  of  road  level,  and 
ability  to  relay  without  disturbing  the  roadway.  Too  great  stress 
cannot,  it  is  thought,  be  laid  on  the  last  point. 
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DUBLIN  TRAMWAYS. 


The  superiority  of  the  Larsen  rail—as  a  rail  with  side  fastenings — 
to  the  rails  with  vertical  spike  fastenings*  was  established  by  the 
experience  acquired  of  its  capabilities  on  the  London  Street 
Tramways,  though  in  these,  as  in  the  Belfast  tramways,  subse- 
quently  constructed,  the  system  of  side  fastening  was  but  imper- 
fectly developed.   Mr.  Hopkins  improved  the  system  of  the  side 

fastener  by  substituting  for  the  fastener  in 
two  or  three  pieces,  a  solid  staple,  or  "  dog," 
in  one  piece,  which  he  employed  in  the  con- 
struction of  the  Dublin  tramways,  of  which 
he  was  the  engineer,  and  the  works  for 
which  were  commenced  in  October,  1S71. 
The  design  of  the  tramway  was  very  simple : 
four  rails  laid  on  four  longitudinal  sleepers, 
bedded  in  four  longitudinal  trenches  of 
concrete  ;  similar  to  the  first  system  adopted 
by  Mr.  Hopkins  for  tramways  in  Lumlon. 
The  rail,  shown  in  section,  Fii;.  53,  weighed 
53  lbs.  ])er  yard  ;  it  is  4  inches  wuie  ;  Init 
though  it  is  thinner  than  the  grooved  rail  of 


Fig.  53.    Dublin  Tr.im- 
way«  : — Section  of  rail 
and  sleeper,  showing    earlier  design  it  is  deei)er,  and  shows  clearly 
Uie^  Maple  fastening,    a  better  distribution  of  material  than  in  these 

rails ;  better  even  than  the  Belfast  rail, 

which  was  of  later  constniction,  and  designed  by  Mr.  I^rsen. 

The  rolling  surface  of  the  Dublin  rail  is  2  inches  wide  ;  the 

groove  is  li  inches  wide        W  inch  deep,  with  a  flat  floor; 


Digitized  by  Google 


DUBLIN  TMAMli^AYS, 


the  ledge  is  I  inch  thick  at  the 'surface.  The  rails  were  fixed 
upon  longitudinal]  fir  sleepers  4  inches  wide  and  6 
inches  deep,  in  lengths  of  from  i  S  to  25  feet,  and 
rebated  to  receive  the  rails.  The  raiiswere  pressed 
down  and  solidly  bedded  by  mr.iri^  of  screw- 
cramps.  In  this  position  they  were  hxed  to  the 
sleepers  by  means  of  staples  in  one  piece,  made 
of  .}-inch  round  iron,  the  lower  ends  of  which 
were  barlied.  A  section  of  the  rail  and  sleeper 
thus  fixed  together  is  shown  in  Fig.  53.  The 
staples  were  applied  at  intervals  of  3  feet  on  each 
side  of  every  rail,  and  there  was  one  on  each  side 
of  the  rail  at  a  distance  of  about  4  inches  from 
each  end.  At  curves  in  the  line,  if  not  severe, 
the  sleepers  were  in  some  instances  sawn  haif 
through  the  outer  side  at  intervals,  and  wedges 
were  driven  into  the  cuts  until  the  sleeper  took 
the  xequired  curvature.  At  sharp  curves,  the 
sleepers  in  short  lengths  were  sawn  to  the  re> 
quired  airvatore.  The  ends  of  the  rails  were 
stayed  with  wrought-iron  plates,  7  inches  long, 
iV  inch  thick,  and  %k  inches  wide,  let  into  recesses 
adzed  off  the  sleeper.  The  intention  in  applying 
these  plates  was  to  maintain  the  ends  of  the  rails 
at  the  same  level. 

A  general  section  of  both  lines  for  a  double  way 
is  given  in  Fig.  54.  The  rails  of  each  line  are 
placed  to  a  gauge  of  5  feet  3  inches,  which  is  the 
railway  gauge  of  Ireland,  though  railway  waggons 
cannot  be  run  on  the  tramway.  There  is  a  dear 
4'foot  space  between  the  two  lines  of  way,  and 
there  are  the  customary  18-inch  breadths  outside 
the  outer  rails.  The  working  edge  of  the  groove 
is  at  the  middle  of  the  width  of  the  rail,  or  t^vo 
inches  from  each  edge ;  and  the  total  width  of  roathvay  occupied 
by  the  double  line  of  tramways  is  made  up  as  follows  : — 

M  2 


d 

o 

J) 


<9 

£ 

H 
d 

"a 
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Two  lines,  5  feet  5  inches  gauge 

Intermediate  space 

Four  half-widths  of  rail 

Two  breadths  of  paving  outside 


Ft.  In. 

10  6 

4  o 

0  8 

3  o 


Total 


18  2 


making  a  total  width  of  18  feet  2  inches.  Four  trenches  were 
cut  in  the  tracks  of  the  mils,  to  a  depth  of  18  inches  below  the 
level  of  the  roadway,  to  a  width  averaging  about  a  feet,  whilst  the 
intervening  surface  was  excavated  to  a  depth  of  zi  inches.  The 
excavated  space  was  filled  with  concrete  to  a  level  of  about 
7i  inches  below  the  surface,  forming  a  level  bed  for  the  sleepers. 
The  concrete  was  made  with  blue  lias  lime,  or  with  Portland 
cement  The  ends  of  the  sleepers  were  laid  in  cast-iron  chairs, 
like  those  of  the  Liverpool  line,  page  30,  i^ch  fitted  them  tightly 
and  were  fixed  to  them  at  the  outer  side  by  two  nails,  one  to  each 
end  of  the  sleeper.  The  inner  sides  were  formed  with  dovetail 
and  slots,  to  receive  the  ends  of  a  tie-bar  at  each  point.  Inter- 
mediate ties  of  flat  iron  were  placed  at  intervals  of  about  seven 
feet ;  they  were  s|)lit  at  the  ends,  and  tomied  with  right  and  left 
knees  in  tlie  nuinricr  shown  in  Fig.  51,  page  157,  by  which  they 
were  naileii  or  sjjiked  to  the  sleepers.  A  lied  of  sand  i  inch  thick 
was  laid  on  the  concrete  to  receive  the  paving,  which  consisted  of 
granite  sets,  6  inchet*  deep.  The  transverse  joints  of  the  paving, 
I  inch  wide,  were  filled  with  small  gravel  or  shingle,  which  was 
rammed  into  the  joints,  after  which  the  paving  was  beaten  with 
ordinary  rammers. 

The  following  is  a  statement  of  the  (quantities  with  tlie  approxi- 
mate actual  cost,  for  one  mile  of  double  way : — 

Dublin  TRAMWAVb— Olaxtitihs  ani>  Approximate  Coiii"  for 


Excavation. 
Concrete  . 


One  Mile  of  Double  Way,  1871—72. 

•  5»5<><3  cubic  yards  %  2s. 
.    1^00       „  „  6s. 

Carried  forward  


^770    o  u 


350  o  o 
420   0  o 
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Dublin  Tramways— coff/ii'itrtfAf. 


C 

,1 

Brought  forward 

•      •  • 

nci 
ii^ 

\j 

0 

Sand  and  shingle 

400  tons 

60 

i«  2s.  6d. 

440 

0 

0 

1  ifi^Q  lineal  yards 
\  190  tons 

2,280 

Q 

0 

Chairs^  cast  iron 

Batons 

»  £B 

66 

0 

0 

Nails 

\  f, 

»»  Z24 

li 

0 

0 

Cushions  . 

0'6o  „ 

■  f 

6 

0 

0 

Staples,  14,080  at  350 

lbs.  per  1,000  . 

£26 

57 

4 

0 

Tie^bars  . 

176 

0 

0 

Layinif   rails,  sisgle 

line 

3,520  lineal  yards 

176 

0 

0 

Cost  of  way 

4.043 

4 

0 

Pavinc 

9,973  square  yards 

!   (s?  5s.  6d. 

2,742 

I  f 

6 

Carting:  away  debris 

0 

0 

lao 

0 

0 

150 

0 

0 

Total  approximate  cost  per  mile  of  double  way  . 

6 

Do. 

do. 

single  way  . 

3,55^  17 

9 

The  first  portion  of  the  lines  was  opened  between  St.  Stephen's 
Green  and  Rathgar,  %\  milesy  on  Febniaiy  t,  1871.  The  tram, 
ways  were  fully  opened  to  a  length  of  16  miles  early  in  1874. 
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GLASGOW  CORPORATION  TRAMWAYS,  1870—73. 

An  Act  of  Parliament  was  passed  in  1870  foi  the  constnjction  of 
the  Glasgow  Street  Tramways  by  a  private  €om])any.  The  ])Owers 
conl'erred  by  the  Act  were,  in  the  same  year,  transferred  to  the 
Coqjoration  of  Olasgow.  l)y  whom,  accordingly,  the  tramways  of 
Glasgow  have  been  constructed. 

In  designing  the  first  tramway,  the  engineers.  \[e'^srs.  John- 
stanes  &  Raiikine,  developed  the  employment  of  the  transverse 
sleei)er  for  giving  bearing  surface  and  for  strengtli.  They  adopted 
a  modified  form  of  the  old  flat-grooved  rail  in  combination  with 
longitudinal  and  transverse  sleepers  and  bituminous  concrete,  and 
producetl  a  structure  which  surpassed  all  others  that  had  previously 
been  laid  for  tramways,  for  strength  and  solidit)'.  The  system  of 
construction  is  illustrated  by  Fig.  55.  It  was  adopted  for  the  first 
coatract,  which  was  entejred  into  ia  1S7 1.  The  first  portion  of  the 
line  imder  the  contract  was  2  miles  300  yards,  and  was  opened  m 
August,  1872.  By  the  end  of  the  year  1872,  9  miles  of  tramway 
were  completed  and  opened,  and  the  whole  of  the  tramways 
executed  under  tlie  first  contract,  passing  over  9I  miles  of  streets, 
were  completed  in  June,  1873, 

In  designing  the  rail  a  single  broad  fillet,  on  the  lower  side, 
under  the  groove,  was  substituted  for  the  pair  of  lateral  fillets 
employed  in  other  rails  made  at  that  time.  The  hUet  was  let  into 
the  longitudinal  sleepers,  and,  besides  providing  the  needful 
lateral  resistance  at  either  side,  it  aided  in  strengthening  the  rail  at 
the  weakest  part  of  the  section—under  the  groove— whilst  it 
afforded  a  deq)er  bearing  for  the  countersunk  heads  of  the  vertical 
bolts  employ^  for  fixing  the  rail  to  the  sleeper.    The  longi- 
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tudinal  sleepers  rested  in  cast-iron  chairs,  formed  with  broad  soles, 
spiked  to  transverse  wood  sleepers  laid  in  concrete.  The  bolt, 
having  a  slotted  head,  was  screwed  into  a  nut  with  a  washer  at 
the  underside  of  the  longitudinal  sleeper,  and  a  hasp  was  applied 
to  prevent  the  nut  from  turning  when  the  bolt  was  required  to  be 
tightened  up.  But  the  hasp  was  abandoned  after  the  construction 
of  the  fiist  section. 
The  works  under  this  contract  were  as  follows,  for  double 


I'lG.  55.    Glaigow  Curporalion  Tramways: — First  system.  Scale 

way,  except  1,110  yards,  or  about  two-thuds  of  a  mile,  which 
was  single  way: — 

MUca.  Ywdt. 

5  128 


No.  I  Tramway: — Whiteinch,  vid  Partick  and  Tron- 
gate,  to  Bridgetown  

No.  3  Tramway  :~Great  Western  Road,  viA  Sauchie- 
hall  Street,  Renfield  Street,  Jamaica  Street,  to  Port 

EglintOQ  

No.  3  Tramway :— Junction  of  the  1st  and  2nd  tram- 
ways,  vid  Derby  Street  


(9I  miles) 


3  967 

J  78 

9  I»I73 


The  gauge  of  the  way,  according  to  tlie  Act  of  1870.  was 
require   to  be  equal  to  the  railway  gauge,  4  feet  8^  inches.  But 
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a  new  element  was  introduced  by  the  Act  passed  in  1S71  for  the 
Vale  of  Clyde  Tramways,  according  to  which  their  lines  were  to 
be  constructed  for  the  transit  of  railway  rolling  stock ;  and  it  was 
further  provided  that  the  Corporation  should,  if  they  thought  fit, 
construct  the  Glasgow  tramways  to  the  same  gauge  as  that  of  the 
Vale  of  Clyde  lines,  to  secure  a  uniformity  of  gauge  throughout 
the  (Glasgow  district.  It  behoved  the  authorities,  therefore,  to 
look  in  advance,  and  while  the  contract  for  the  jtortion  of  the 
tramway  was  being  drawn  up,  in  187 1,  it  occurred  to  the  engineers 
that,  in  order  to  give  passage  to  r.iilway  vva^^^jons,  the  Vale  of  Clyde 
lines,  anil,  therefore,  vilso  thobe  of  the  Coqioration.  if  tlie  gauges 
were  to  be  uniiuiii..  must  be  less  than  the  nurnul  standard  gauge; 
for,  what  is  strange  at  first  sight,  the  gauge  of  4  feet  8 A  im  l,es  in 
the  grooved  rail  does  not  answer  for  railway  waggons.  The 
reason  l)e<  omes  aj)pareni  when  it  is  cun^sidercd  that  the  groove  is 
not  wide  enough  to  clear  the  backs  of  the  tyres.  These  are 
never  less  than  4  feet  5^^  inches  apart,  a  width  wliirh  is  3  inches 
less  than  the  normal  gauge,  equivalent  to  \  \  inc  hes  at  each  rail. 
But,  as  the  width  of  the  groove  in  the  tramrail  is  commonly 
limited  to  inches,  or  at  the  most  to  \  \  inches,  the  flanges  of 
waggons  ol)viously  could  not  enter  at  all. 

A  corres])ondence  was  therefore  instituted  by  Messrs.  John- 
stones  &  Rankine,  in  September.  187!,  with  a  view  to  the  estab- 
lishment of  a  uniform  gauge  at  the  outset,  as  a  standard  iox  all 
the  tramways  in  process  of  constniction,  or  to  be  constructed,  m 
or  near  Cilasgow  ;  such  that,  whilst  the  gauge  would  be  continuous 
throughout  the  whole  number  of  the  group,  it  would  be  adapted 
for  the  transit  of  railway  vehicles.  Messrs.  Johnstones  & 
Rankine  jjroposed  to  contract  the  gauge  from  the  ordinary  width 
by  \  of  an  inch  to  4  feet  7^  inches,  maintaining  the  minimum 
width  of  groove  already  adopted  by  them,  inches.  By  this 
compromise  they  would  shift  inwards  the  inner  sides  of  the  grooves 
of  the  two  rails  for  each  line  to  the  distance  apart  of  4  feet 
l\  inches,  minus  twice  i  \  inches,  or  to  4  feet  5^  inches.  In  this 
way  the  line  would  be  adapted  to  receive  railway  waggons  with  a 
total  lateral  clearance  of  \  inch  between  the  backs  of  the  tyres  and 
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the  inner  edges  of  the  grooves.  It  was  aj^parent,  nevertheless,  that 
the  i]-inch  groove  would  be  just  wide  enough  to  receive  the 
flanges  of  railway  waggons,  which  were  of  the  same  width,  or 
thickness — \\  inches.  But  the  wedging  which  would  have,  in 
cjnseciuence,  to  take  jJace  if  the  wheels  were  to  run  on  their 
treads  or  rolling  surfaces,  was  obviated  by  the  shallowness  of  the 
groove  of  the  Glasgow  rail,  the  depth  being  only  ^  inch  ;  for  it 
followeil  that  the  wheels  would  run  on  their  flanges,  which,  being 
more  than  \  inch  deep,  would  touc  h  the  bottom  of  the  groove,  and 
so  prevent  the  wheel  settling  down  and  wedging  itself  into  the  rail. 

Mr.  Hopkins,  as  engineer  for  the  Vale  of  Clyde  Tramway, 
assented  to  the  proposition  for  securing  uaUormity  of  gauge,  and, 
in  the  first  instance,  recommended  a  gauge  of  4  feet  7^  inches. 
For  the  purpose  of  settling  the  choice  of  these  two  widths  Messrs. 
Johnstones  &  Raaktne  made  airangements  for,  and  conducted 
experimental  trials  with,  a  short  line  of  tramway  laid  to  a  gauge 
of  4  feet  7|-  inches,  with  the  rails  of  the  Glasgow  tramways,  and 
at  the  charge  of  the  Corporation,  within  the  station  of  the 
Glasgow  and  South  Western  Railway.  Mr.  Hopkins  andothets 
assisted  at  the  trials,  which  took  place  on  October  34,  1871. 
Railway  waggons  were  run  over  the  piece  of  tramway  in  a  manner 
which  was  quite  satisfactory;  and  the  results  of  the  trials  led  to 
the  adoption,  by  general  consent,  of  the  gauge  of  4  feet  7f  inches 
for  all  the  tramways  of  the  Glasgow  district 

The  total  width  of  the  tramway,  for  a  double  line,  amounted 
to  16  feet  \q\  inches,  constituted  as  follows:^ 

Ft.  Ins. 

Width  of  gauge,  4  feet  7I  inches,  X  2    ....        9  3i 

Width  of  interspace  between  lines  of  way  .      .         3    '  1^ 

Four  widths  of  rolling  surface  of  rails,  i|  inches,  x  4  07^ 
Two  outer  margins  of  pavement,  t8  inches,  x  2   .      .  30 


Total  width  16  loA 

For  a  single  line  the  total  width  is  7  feet  11^  inches. 
The  excavation  for  the  tramways  was  made  to  a  uniform  depth 
of     inches  below  the  surface  of  the  street.  For  the  whole  width 
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a  bed  of  bitununous  concrete,  4  inches  thick,  was  laiil  over  the 
whole  of  the  excavated  bottom.  The  concrete  consisted  of  slag 
fresh  from  the  furnaces,  thorou^^hly  dr\',  broken  to  a  2-inch  rini^ 
gauge,  and  British  bitumen  made  from  ])urc  coal-tar  pitch.  The 
bitumen  was  to  be  used  at  the  boiling  i)oint  and  mixed  in  the 
proportion  of  31  lbs.  per  cubic  foot  of  slag.  The  irans\  erse 
sleepers  were  laid  on  a  concrete  bed.  and  after  the  longitu<Hnal 
sleepers  and  rails  had  been  conectly  laid  and  adjusted  the  spaces 
between  the  cross-sleepers  were  made  up  with  concrete  of  the 
same  composition,  flush  with  the  upper  surface  of  the  sleepers.  A 
half-inch  stratum  of  l)itumen  was  floated  over  this  new  level. 
Concrete  was  also  packed  under  the  longitudinal  beams  in  the 
intervals  between  the  chairs. 

The  rails,  Fig.  55,  weighed  60  lbs.  per  yard  ;  they  were 4  inches 
wide,  and  1 1  inches  thick,  at  the  tread.  The  rolling  surface  was 
il  inches  wide,  the  groove  was  i\  iacfaes  wide  and  i  inch  deep, 
formed  semicircularly  at  the  bottom,  and  the  inner  flange  was 
J  inch  thick,  and  corrugated  at  the  upper  surface.  The  rolling 
SMtfice  was  slightly  rounded  transversely  ;  the  fillet  on  the  under- 
side was  I  inch  deep,  and  so  increased  the  total  depth  of  the 
rail  to  3  inches.  The  rails  were  rolled  to  24  feet  in  length,  except 
5  per  cent,  of  the  total  quantity,  which  was  of  shorter  lengths,  not 
less  than  14  feet.  The  bolt-holes  in  the  grooves  were  |  inch  in 
diameter,  countersunk  to  a  diameter  of  i  inch.  The  rails  were 
to  be  made  from  piles  of  selected  puddle-bais  of  mine  iron,  to 
produce  a  hard  granular  roiling  surface,  and  were  to  be  of  tough 
fibrous  iron  at  the  underside.  They  were  bolted  to  the  sleepers  with 
1-inch  bolts,  of  which  there  were  eight  to  each  rail  of  24  feet  long. 

A  portion  of  the  points  and  crossings  were  to  be  of  cast  iron, 
2  inches  thick,  and  others  of  wrought  iron,  inches  thick,  cor- 
rugated at  the  stiriace.   The  chairs  were  of  cast  iron. 

Three*eighths  inch  fish-plates,  12  inches  long,  were  placed 
under  the  ends  of  the  rails. 

The  longitudinal  sleepers  were  of  American  white  oak,  4  inches 
wide  and  6  inches  deep,  secured  to  the  chairs  by  |-inch  oak  pins. 
The  transverse  sleepers  were  of  Baltic  timber,  4  inches  deep. 
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7  inches  wide  at  the  joints  of  the  longitudinal  sleepers,  and  6  inches 
l^^de  intermediately.  All  the  timber  was  cieosoted  with  8  pounds 
of  creosote  per  cubic  foot  of  timber. 

The  interspaces,  together  with  a  breadth  of  18  inches  on  each 
side  of  tlie  ^vny,  u  ere  to  be  paved  with  granite  from  Furness 
quarry  or  Bon  a  we  quarry.  The  stones  were  to  range  from  4  inches 
to  7  inches  deep,  as  might  be  required,  and  to  be  laid  on  a  bed 
of  sand  of  firom  i  inch  to  i  \  inches  deep,  lai(i  on  the  bituminous 
coating.  The  stones  were  to  be  jointed  for  i  inches  on  each  side 
of  each  rail  with  British  bitumen,  the  remainder  with  lime  grout. 
The  suiiaoe  of  the  pavement  was  fonned  with  a  natural  slope  of 
k  inch  in  one  foot  from  the  centre  line. 

The  use  of  bitumen  for  the  joints  was  abandoned,  as  on  expe- 
riment it  was  fomid  that  the  bitumen  ran  and  spread  beyond  the 
specified  width  and  under  some  of  the  stones,  and  the  design 
could  not  profitably  be  carried  out. 

The  CQSitractor  was  to  maintain  the  whole  of  the  work  for  six 
months  after  completion,  and  to  replace  all  rails  failing  within 
1 2  months.  He  could  refuse,  after  re-dressing,  the  paving  stones 
intei£ered  -with,  so  fiur  as  they  were  suitable  for  the  work. 

The  total  cost  of  cooatniction  of  the  tramway  under  the  fiist 
contract  was  as  follows : — 


Glasgow  Corporation  Tramways.— Cost. 


iS7»— 73. 

Length, 
iiB|!le1liie. 

Total  cost. 

Coat  per 
liaoBl  yaid. 

Cost  JU  T 

mill  . 
single  tine. 

: 

Char^;"-  for 
mainten- 
ance for  si  XI 
monUit.  1 

No.  I.    1st  piece 
„       2nd  „ 
•*      3nl  y» 

YnuU. 
8,281 
6,286 
2,920 

£ 

27,850 

£ 
3 '3^3 
2-568 

a'i43 

£ 
5.919 
4.519 
3r77a 

£  ' 
30 

ICQ 
20 

No.  T  . 

2  . 

9t     3  ' 

17.487 
12,234 

3.>95 

50.252 
30.83s 

7.442 

2-873 
252 1 
2*329 

5.058 
4.437 
4»»<» 

150  I 
20  j 
10  ( 

Totals  . 

32,916 

88,529  1  2  689  j  4,733 

180 
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The  V  ariations  in  the  cost  j)er  yard  and  pur  mile  for  the  diflfereni 
pieces  arise  chiefly  from  the  iiem  of  paving.  In  the  first  piece  of 
No.  I  Tramway,  the  roadway  was  of  macadam,  and  the  tramway 
was  laid  with  entirely  new  i<aving  ;  whilst  in  the  third  piece  the 
roadway  was  paved  throughout,  and  the  olil  stones  were  rc-drcssed 
and  used  for  the  tramway.  In  the  other  pieces  the  roadway  was 
partly  of  macadam  and  partly  of  leaving.  The  items  of  cost  for 
paving,  included  m  the  above  totals,  were  respectively  as  fol- 
lows : — 


Glasgow  Corporation  Tramways.^ost  of  Paving. 


"•7»— 73. 

1 

Cost  per  lineal  ^ 
yard,  tingle  line. 

Cost  per  mile, 
sin^'*-'  line. 

No.  I.   1st  piece. 

1       it       2nd    „  . 

12,370 

4.195 
1,010 

b 

1-494 

0-667 
0346 

c 

2,G2Q 

1.175 
609 

No.  I  .  . 
i«  2  .      >      •  • 
»»  3  •      •  • 

8,476 
1,697 

1*005 

0-693 
0531 

1,769 
1,220 

935 

Totals  for  paving^ 

Do.  for  tramways  proper 

1 

27,748 
j  60,781 

0-  843 

1-  846 

1,484 
3.^49 

Total  whole  cost  - 

88,529 

2  689 

4.733 

From  thc  c  data  it  appears  that  the  average  cost  of  construction 
per  mile  of  double  way  was 

For  the  tramway  proper  ;^6,498  per  mile»  or  69  per  cent. 
Forpaviog  .      .      .    2,968  31 

Total  .  j^9,466        ,,       lOO  ,, 
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Schedule  of  Prices  for  First  Contract,  1872^73. 

^  1.  d. 


Excavating^  macadam  and  removing  the 

same  for  double  line      .      .       .  . 

Uitro  for  single  line  

Lifting  causeway,  and  excavating  stuff 


0 

o 


7 
3 


o  per  lineal  yard. 
6 


and  removing  the  same  tor  double  line  . 

0 

5 

0  „ 

Ditto  tor  smgie  line  

0 

a 

rarnisntng,  laying  an<i  completing  oitii- 

iDinous    cone  reic    unaer  iransverse 

sleepers  for  double  line  .      .      •  • 

0 

2  M 

Ditto  for  sin'jle  line  ..... 

0 

0 

0  „ 

Furn  filing,  iayinij  and  completing  bitu- 

niinuus  concrete   upon   the  preceding 

layer  to  ij^  inch  below  paving  stones,  6 

inches  deep,  or  to  from  i  to  1^  inches 

Mlow  pavings  scones  7  tncnes  ocep  tor 

double  hne  

0 

2  „ 

L/iito  lor  single  Jine  ..... 

0 

0 

Rails  laid  complete  ..... 

Q 

9 

0  per  ton. 

<  nairs 

4 

10 

0 

Bolts  and  nuts 

10 

io 

0 

ri8n*piaces 

10 

5 

0 

wasners  ...... 

12 

0 

0  M 

Spikes  f,  

9 

13 

6k  ** 

Cast-iron  points  and  crossings  laid  com- 

plete ....... 

10 

W'roijght-iron  ditto  ..... 

18 

0 

0  „ 

Transverse  sleepers,  creosoted  and  laid 

complete — 

Joint  

0 

3 

0  each. 

Intermediate  .... 

0 

2 

6  M 

Longitudinal  sleepers,  ditto 

0 

2 

4}  per  lineal  yard. 

Ditto  laid,  not  creosoted  .... 

0 

2 

Allowance  for  extra  width  of  longitudinal 

beams  at  points  and  crossin,:,'^s 

3 

0 

0  per  set. 

Oak  pins,  5^  inches  long,  g  inch  diameter 

I 

0 

0  per  1,000. 

Filling  all  bolt,  spike,  and  pin  holes  with 

Archangel  tar,  per  lineal  yard  of  single 

o'343  per  lin.  yd 

line ........ 

0 

0 
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Schedule  ok  Prices  {continued). 

Furnishing  and  laying  sand  i|  inches  deep 
under  stones 

Double  line  009  per  lineal  yd. 

Single  line  o   O   4^  „ 

Furnishinc:  and   laying   paving  stones, 
jointing  and  grouting^  the  same  : — 
4  inches  deep,  new  stones — 

Double  line  250 

Single  line  126 

6  inches  deep,  new  stones^ 

Double  line  2  19  o  „ 

Single  line  .      .  ..196 

The  liberal  development  of  solidity  exemplified  in  the  con 
stniction  of  the  first  contracts  for  the  Glasgow  Corj)oration  Tram- 
ways were  exientletl  likewise  to  the  subsecjuent  contracts. 
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GLASGOW  CORPORATION  TRAMWAYS,  1S74— 75— 

Sy^TEM  OF  Mt6SRS,J0HNST0NES  &  RANKI.XE, 

Following  up  the  line  of  constructioa  adopted  in  the  first 
oontract  for  tramways,  in  1872,  the  engineers  of  the  Glas- 
gow Corporation  Tiaraways,  Messrs.  Johnstones  &  Rankine, 
introduced  several  modifications  of  their  earlier  designs  in  the 
tramways  more  recently  constructed,  in  1874 — 75.  In  the  course 
of  the  construction  of  the  tramways,  the  work  was  gradually 
changed  from  that  described  for  the  first  contract,  to  that  which  is 
now  to  l)c  described,  illustrated  by  Figs.  57  and  58. 

The  chan2;es  consisted  of,  first,  the  substitution  of  the  flanged 
rail,  or  bf  )\-:ail.  for  the  flat  rail,  to  admit  of  side  fastenings. 

Second,  tlie  use  of  a  iliinner  layer  of  sand  under  the  paving 
stones. 

Third,  the  abandonment  of  the  lower  stage  of  concrete ;  that  is, 
the  cone  rete  under  the  sleej)ers. 

Fourth,  the  employment  of  lime  concrete,  instead  of  bituminous 
concrete. 

Fifth,  the  grouting  of  the  whole  of  the  paving  with  bitumen, 
instead  of  lime. 

The  ways  were  laid  to  a  gauge  of  4  feet  7!  inches,  with  an  inter- 
space of  3  feet  ii  \  inches  between  the  two  lines,  whilst  the  paving 
was  extended  for  a  width  of  18  inches  at  each  outer  side.  The 
total  width  for  a  double  line  was  made  up  thus : — 
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Ft.  In. 

Two  widths  of  gauge  9  3^ 

Interspace  3  ii^ 

Two  strips  of  pavement       .  .30 
Four  half- widths  of  rail  (J i  x  4  =)  •   ^  l\ 

16  10^ 

For  a  single  line  the  total  width  is  7  feet  i  ti  inches. 

The  steepest  gradients  of  the  tramways  in  Glasgow  lie  in 
Renfield  Street.  Going,  northwards  from  St.  Vincent  Street  to 
Cowcaddens,  the  gradients  are  as  follows : — 

Yards.  Yards 

I  in  27  for  96  I  in  81  for  88 

1  „  21  „  113  1  M  20  215 

1  >.  26  ,,52  —  —   

t  pf  43  f>  22  i  Total   I  M  21  »i  586 

The  gradients  in  Great  Western  Road,  west  of  Kelvin  Bridge, 
Uillhead»  are  as  follows : — 

V.irdt.  Vard». 

1  in  37  for  85  I  I  in  41  for  85 

I  „  27  „  no  I  —   

»  M  30  »*  3;  Total  I     33  415 

I  M  33  .t  9« 


For  a  double  line,  the  roadway  was  excavated  to  a  width  of 
17  feet,  and,  for  a  single  line,  to  a  width  of  8  feet ;  to  a  uniform 
depth  of  12^  inches  below  the  intended  level  of  the  rails.  The 
excavated  surface  was  cleared  of  all  refuse,  sludge,  loose  or  soft 
material,  before  the  concrete  and  the  sleepers  were  laid. 

The  rails  were  of  wrought  iron,  and  weighed  60  lbs.  per  yard ; 
they  were  rolled  in  lengths  of  24  feet,  with  about  5  per  cent,  of 
the  total  quantity  in  shorter  lengths.  In  the  character  of  the 
section,  they  are  nearly  the  same  as  are  laid  in  the  Vale  of  Clyde 
Tramways.  They  are  34  inches  wide,  and  i  iV  inches  thick ;  the 
rolling  surface,  which  is  slightly  rounded,  is  1%  inches  wide,  the 
groove  is      inches  iiide,  and  the  flange  at  the  inside  is  f  inch 
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wide.  The  groove  is  formed  with  a  flat  floor,  and  is  only  \  l  inch 
deep,  leaving  a  ^-inch  thickness  of  metal  below  it.  The  lower 
side  flanges  are  fully  I  inch  thick  and  inches  deep,  thus  making 
a  total  depth  of  2 }  2  inches.  Comparing  this,  the  new  rail,  with 
the  old  rail.  Fig.  55,  page  167,  whilst  the  weights  of  the  rails  are 
both  60  lbs.  per  yard,  there  is  a  better  distribution  of  metal  in  the 
new  rail ;  for  whilst  it  is  inch  thinner,  it  is,  with  the  flanges, 
\\  inch  deeper  than  the  first  rail.  Again,  by  the  comparative 
flatness  and  shallowness  of  the  groove,  the  new  rail,  though 
thinner,  retains  a  suflicient  thickness  under  the  groove,  which  is 
the  weakest  part  in  grooved  rails. 


Fko.  56.   Gla^fow  Coipontioii  IkamwAyt:— Section  of  Rail.  Scale  ^. 

The  longitudinal  sleepers,  or  beams,  are  of  Baltic  red  timber,. 
4  inches  wide  and  6  inches  deep,  rebated  at  each  side  for  the 
lower  flanges  of  the  rail,  and  not  less  than  24  feet  in  length.  The 
joints  of  the  beams  are  cnt  square.  At  curves  the  beams  are 
sawn  to  the  ladius,  and  where  the  radius  is  less  than  80  feet  the 
beams  might  be  lednced  to  14  feet  The  rails  were  drawn  dose 
to  the  longitudinal  beams  by  means  of  a  powerful  cramp,  and  each 
rail  of  94  feet  in  length  was  secured  to  the  beam  with  side- 
iastenings,  or  staples,  at  each  side  alternately,  and  at  a  pitch  of 
about  13^  inches  on  each  side.  Each  joint  of  the  rails  is  fished 
with  an  iron  plate  8  inches  long,  3  inches  wide,  and  |  inch  thick^ 
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let  flush  into  the  upper  suifiioe  of  the  beam,  and  die  end  of  each 
nil  is  fixed  to  the  beam  by  two  pairs  of  staples.  Each  24  feet 
rail  is  fastened  to  the  beams  bjr  a  total  of  twenty  sti^des.  The 
staples  are  of  Lowmoor  iron  and  are  in  section  f  inch  by  I  inch ; 
they  have  a  total  length  of  8  inches,  and  are  foiged  with  two 
bendi^  of  which  the  upper  bend  is  chisel  pointed,  and  passes 
through  holes  punched  in  the  flange  of  the  rails.  The  lower  end 
is  jagged. 

The  transvene  sleepen  are  of  Baltic  red  timber,  8  feet  long 


and  4  inches  deep.  The  sleepers  at  the  joints  are  7  inches  wide 
and  the  intermediate  sleepers  are  6  inches  wide.  A  joint  sleeper 
is  laid  under  each  joint  of  the  longitudinal  beams;  and  at  each 
joint  of  the  rails,  two  intermediate  sIccixts  are  placed,  at  a  distance 
apart,  between  centres,  of  not  more  than  2  feet.  At  other  places 
the  distance  apart  of  intennediate  sleepers  is  not  more  than  3  feet 
8  inches  between  centres.  Spike  holes  are  bored  through  the 
sleepers. 
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All  the  timber  was  creosoted  to  the  extent  of  10  lbs.  of  creosote 

per  cubic  foot. 

The  longitudinal  beams  rest  in  solid  cast-iron  chairs,  4  inches 
wide  between  the  flanges,  6  inches  wide  for  the  joints  of  the 
beams,  and  4  inches  wide  intermediately.  The  sole  of  each  chair 
is  9}  inches  long,  and  rests  on  the  transverse  sleeper,  which  is 
dressed  to  xeceive  it  The  sole  is  inches  thick,  and  the  flanges 
taper  from  i  inch  thick  at  the  base  to  \  inch  at  the  upper  edge. 
The  joint  chairs  weigh  ai  lbs.  each,  and  the  intermediate  chaiis 


Fio.  58.   Glasgow  Corporation  Tramways Plan  of  Sleepers. 

Scale  I'r. 


14  lbs.  each.  The  chairs  are  fastened  to  the  sleepers  by  f-inch 
Wfonght-iron  spikes,  4  inches  long,  with  cup  heads,  and  tapered 
for  i  inch  of  length  to  f  at  the  ends.  The  longitudinal  beams 
sre  fixed  in  the  chaiis  by  |*inch  compressed  oak  pins,  driven 
through  the  flanges  of  the  chairst  through  holes  bored  in  the 
beams  %  the  ends  of  the  pins  aie  sawn  off  flush  with  the  flanges. 

After  the  sleepers,  beams,  and  rails  were  accurately  laid  and 
adjusted  on  the  bottom  of  the  excavation,  the  sleepers  were  packed 
underneath  with  fine  concrete,  composed  as  follows : — 

N  8 
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Whinstone  sbiven,  broken  to  a  |«>inch  gauge    ...  3 

Sand   3 

Orchard  Roman  cement   i 

Arden  lime   I 


The  spaces  between  tlic  sleepers  \yerc  filled  to  the  level  of  tbc 
Upper  surface  of  the  sleepers  by  a  concrete  as  follows ; — 

Measures 

Wbinstooe  metal,  to  a  8-inch  gauge,  perfectly  free  from 


mud,  clay,  and  dirt   6 

Sand  .,.   t 

Orchard  Roman  cement   1 

Arden  lime   1 


9 

Upon  this  bed  of  concrete,  and  over  the  sleepers,  a  stratum  of 
(ine  concrete  was  laid  to  such  a  thickness  as  to  bring  up  the  levd 
to  i  inch  below  the  paving  sets.  When  the  sets  were  6^  inches 
deep,  the  thickness  of  the  stratum  was  about  inches.  Upon  a 
^inch  layer  of  clean  sharp  sand,  tlie  paving  was  bedded.  The 
new  paving  was  to  be  of  granite  from  the  Furness  or  Bonawe 
quairies,  or,  in  the  option  of  the  Corporation,  of  Aberdeen  granite. 
It  was  actually  selected  and  wholly  obtained  from  the  Fumess 
and  Bonawe  quarries.  The  stones  were  to  be  3  to  4  inches  wide, 
6  to  7  inches  deep,  and  6  to  I8  inches  in  length.  They  were  set 
in  straight  and  parallel  courses  across  thie  lines  of  tramways, 
abutting  closely  on  the  rails,  and  the  sets  overlying  the  chairs 
were  cut  to  suit  them.  The  sur&ce  of  the  pavement  was  laid  to  a 
slope  of  \  inch  per  foot  transversely,  from  the  centre  line  of  the 
way.  It  was  grouted  with  a  mixture  of  British  bitumen,  manu- 
factured from  pure  coal-tar  pitch,  and  pitch  oil  having  a  specific 
gtavity  of  '95.  Oil  was  to  be  used  in  sufficient  proportions  to 
produce  a  plastic  grout  The  grout  was  run  in  hot,  and  the  joints 
were  completely  filled  with  it 

The  points  and  crossings  are  of  cast  iron,  chilled  at  the  upper 
side  to  a  depth  of  at  least  f  inch. 
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The  improvements  in  economy  and  in  efficiency,  realised  in  the 
second  system  of  way,  compared  to  the  first  system,  are  very 
clearly  brought  out  by  a  comparison  of  the  illustrations.  The 
4-inch  substratum  of  concrete  was  dispensed  with,  for  it  was  found 
that  the  bottoms,  as  excavated,  were  sufikientiy  iirm  and  solid  to 
support  the  cross  sleepers.  In  this  way,  economy  in  excavation 
also  was  effected,  for  the  depth  of  material  excavated  was  reduced 
by  4  inches,  from       inches  to  12  J  inches. 

In  both  the  earlier  and  the  later  designs,  provision  was  made 
for  Tendering  the  work  watertight,  but  differently.  For,  in  the 
first  construction,  the  water-proofing,  consisting  of  the  bituminous 
concrete,  was  laid  at  the  foundation,  and,  in  the  second,  it  was 
laid  at  the  surface  of  the  road,  consisting  of  the  bituminous  gtout 
]>aving. 

The  adoption,  m  the  later  construction,  of  a  thinner  layer  of 
sand  for  paving — \  inch  instead  of  i|  inches^was  dearly  bene- 
ficial ;  it  made  a  steadier  pavement,  which  could  be  kept  better 
up  to  the  rails,  and  which  demonstrated  the  advantages  of  the 
good  foundation. 

Finally,  the  most  important  improvement  consisted  in  the  sub- 
stitution of  the  flange  rail  or  box-rail,  with  side  fastenings,  for  the 
fiat  grooved  rail  with  a  vertical  bolt  fastening. 


Glasgow  Corporation  Tramways.— Scubdule  of  Prices. 

iC  A 


Lifting  causeway,  excavating  and  removing 
stuff  from  paved  road— 

Double  line  •  .     .  o  4  o  per  lineal  yard* 

Single    „  o  a  o  „ 

Ditto,  from  macadamised  roads^ 

Double  line  ...•.040 

Single     ,  020  „ 

Furnishing  and  laying  coarse  and  also  fine 
concrete— 

Double  line  o  11  6  „ 

Single   M  059  „ 
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Glasgow  Corporation  Tramways  {fotUmued). 


C'artinc.  bendinDT.  And  lavinor  nils  com« 

0. 

Double  line  ..... 

0  I 

Q  oer  lineal  vard. 

^ocrle  ... 

0  0 

11 

Chairs,  laid  coniDlete       •      .      •  . 

1  IT 

0  ner  ton. 

0 

16  0 

0  mm 

Rail  fastenings,  ditto        .       .       «  . 

0 

Chilled  cast-iron  switches,  ditto 

6  0 

0  each. 

UiLtu  crossinc^s.  ditto  .... 

0 

Ttsnsvetse  ateepers,  creosoted  and  laid — 

Intemediate      •      •      •  • 

a 

0  X 

6  „ 
"  99 

Loncritudioal  beans,  creosoted  and  laid  » 

0  I 

1 1  per  lineal  vanL 

Oak  pins   .       .              .       «       •  . 

0  0 

0^  each. 

FuTQishinfi'  and  lavin?  sand^» 

0  0 

g  per  lineal  yard* 

0  0 

4^ 

RedfBffftiny  and  relaviDcr  Davintr  stones^ 

0  8 

Sinsfle         •      •      •      •  • 

0  4 

New  paving  laid  complete-*- 

2  17 

Single    ,,  . 

I  8 

6 

Pitch-gronting  the  pavement — 

0  12 

0  6 

0  M 

0  2 

0  per  cubic  yard. 

Ditto  concrete  

0  II 

Aberdeen  granite  for  pavement-^ 

2  16 

0  per  lineal  yard. 

I  8 

0  M 
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Quantities  and  Cost  per  Mile,  Single  Line,  of  the 
Glasgow  Corporation  Tramways  (Second 
System  of  Way),  1874—75. 


Work  and  natcriaU* 

Per  mile. 

Per  lineal  yard. 

QoAOtttj. 

Cost. 

Qnantitj. 

Cost 

Wat. 

Excavation  • 

1  Concrete 
Sleepers 
Chain . 

^     1     a  f:^ 

C^piKCS  ... 

Trenails — oak 
Rails  . 
^int  plates . 

Totals  . 

1,694  cub.  yds. 

630 
3,862  ,.  fu 
wht  tons 

lbs. 

94  3  ions 
1,099  lbs. 

iIj440  m 

jff     ■•  ^• 

176  00 

506    0  0 
247  10  0 
lOI  17  2 

16  16  7 

770 

990  3  0 
6  12  6 
224  14  0 

-96  cub.  yds. 

36  M 
2 '20    „  fL 

26ilb«. 

1*34  » 

2 

120  IDS. 

•6a  „ 

*•  u> 

020 
059 

030! 
0  I  10 
002^ 
0  0  1 
0  II  2 
0  0  of 
026} 

•  « 

^xi37   0  3 

•  • 

I   6  7 

Sand    .      •  « 

New  pa\ing  stones 
Pitch  groating  • 

ToUl  • 

1,760  lin.  yds. 

4,594  sq.  „ 
1,760  lio.  „ 

£   •.  d. 

33   0  0 

2,508   0  0 

528   0  0 

I  lin.  yd. 

2 '6 1  sq.  yds. 
I  lio.  yd. 

£    t.  d. 

00^^ 

I    8  6 
060 

•  * 

3,069  0  0 

I  14  II 

Way  . 
Pavement  • 

Total  cost 

•  • 

•  • 

£     :  i 

2,337   0  3 
3,069   0  0 

•  • 

£    «.  d. 

1    6  7 

I  14  II 

0  3 

•  • 

3   I  6 

CHAPTER  X. 


GLASGOW  CORPORATION  TRAMWAVS.— MESSRS, 

jorrmTONES  ^  rankine's  more  recent 

SrSTEM  OF  WAV,  iSjg  -'^EAR  OF  RAILS, 


It  was  apparml^  nevertheless,  with  the  prospect  of  the  future 
employment  of  steam  power  for  traction,  and  the  attendant  heavy 
rolling  loads,  that  something  better  could  be  devised  than  the 
'  longitudinal  timber  beam  and  the  box  rail,  a  subject  whidi  had 
for  a  long  period  engaged  the  attention  of  the  engineers.  The 
Vale  of  Clyde  Tramways,  the  construction  of  which  is  described 
in  the  next  chapter,  having  longitudinal  and  side  fastenings,  have 
not  withstood  the  steam  haulage  liy  engines.  The  ends  of  the 
rails  were  driven  down  into  the  timber,  and  the  side  fastenings 
worked  loose. 

Preparatory  to  dccitiing  on  the  material — iron  or  steel — for  the 


mils  of  the  new  sjrstem  of  way  designed  for  haulage  by  mechanical 
power,  the  results  of  the  comparative  wear  and  tear  of  iron  rails 
and  sted  rails  under  like  circumstances,  were  investigated  by  the 


Fig.  59.   Original  Section  of  Kails,  Glasgow. 
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engineers^  Mem.  Johnstones  &  Rankine.  Two  rails,  of  fhe 
earliest  secrtioii,  one  of  iron  and  one  of  steel,  laid  in  Paisley  Road, 
within  a  few  yards  of  each  other ;  and  two  rails,  one  of  iron  and 


Fio.  60.  Iran  Rail,  laid  Deeenber,  187a.  Worn  Section. 


Fio.  61.  Sted  Rail,  laid  Deoember,  1873.  Worn  Section. 


Flo.  63.  Sted  Rail,  laid  May,  1873.  Worn  Section. 

TlQi^  Original  and  Worn  Sections  of  Rails,  Gla^goir 

CoqMMralioa  Tramways.  Scale  |. 

one  of  steel,  laid  in  Argyll  Street,  were  weighed  when  they  were 
laid  and  when  they  were  taken  up.  The  original  and  the  worn 
sections  are  illustrated  by  Figs.  59  and  63. 
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Paisley  Road : — 

Iron  xmil»  laid  Dec,  1871. 

lifted  May,  1879. 
Steel  fail,  laid  Dec,  1873. 

lifted  May,  1879. 
Argyll  Street : — 

Iron  rail,  laid  May,  i8;3. 

lifted  May,  1879. 
Steel  rail,  laid  May,  1873. 

lifted  May,  1879. 


Weight  480  Hm. 

Do.  436  lbs.  Loss  44  lbs. 
Weight  480  lbs. 

Do.  436I  lbs.  Loss  43i'  lbs. 

Weight  480  lbs. 

Do.  441  lbs.  Loss  39  lbs. 
Weight  480  lbs. 

Do.  447  lbs.     Loss  33  lbs. 


The  loss  of  weight  in  the  iron  rails  averages  41^^  lbs. ;  and  in 


JKia>  64.   Johnstones  &  RankiDe's  Way,  GlasgOV. 
— Kail  and  Sleeper.   Scale  \, 

the  sted  ia3s  38^  lbs.  But  in  the  individual  case  of  Paisley  Road 
the  wears  were  equaL 

These  results  are  remarkable^  and  in  a  sense  disappomtiiigt 
showing  an  unexpected  degree  of  mediocrity  in  the  steel  rails ; 
though  the  wear  of  the  rails  was  more  nearfy  nnifonn  diaa  tiiat  of 
the  iron  rails. 
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Steel  was  adopted  for  the  material  of  the  rails  of  the  new  lines ; 
aiul  the  girder  form  for  the  section  of  the  rails,  as  shown  in 
Fig.  64.  They  were  rolled  by  the  Steel  Company  of  Scotland, 
in  lengths  of  24  feet.  The  lip,  or  guard  flange,  is  rolled  out  nearly 
square  with  the  web,  and  is  then  turned  upwards  to  form  the  groove. 
There  was  some  difficulty  and  cause  of  trouble  in  perfecting  the 
rolls.  The  tjreatest  difficulty  lay  in  maintaining  the  bottom  flanges 
of  the  rails  in  their  entirety  for  the  whole  width.  The  more  nearly 
the  mass  of  metal  in  the  upper  part  of  the  rail  balances  that  in 
the  lower  part  the  better  for  the  work  of  rolling  and  the  distribu- 
tion of  the  rnetal.  The  friction  in  rolling  tends  to  withdraw  the 
thin  sole  plate  from  the  extiLmities  of  the  grooves  in  the  rolls, 
aad  so  to  produce  a  sole  of  uneven  width.  That  tendency  is  more 


Flos.  65,  66,  Jobnttoiies  tt  Riiikiiw*t  Way,  Glatgow. 


poweriul  at  and  near  the  ends  of  the  rails  than  in  intermediate 
positinn<;.  In  consequence,  the  rails  require  a  good  deal  of 
trinmnng,  and  considerable  allowance  is  made  in  the  blooms  for 
waste  ends.  Nevertheless,  the  rails  can  be  rolled,  if  necessary,  in 
dear  lengths  of  30  feet 

The  construction  of  the  new  way  is  shown  in  Figs.  65  and  66« 
The  rails  are  laid  on  and  spiked  to  transverse  timber  sleepers, 
widiout  the  intervention  of  longitudinal  timber  sleepers.  The 
ground  is  excavated  for  a  depth  of  only  10^  inches  below  the 
ioiface  of  the  road,  for  a  minimum  width  of  formation  of  1 7  feet  for 
a  double  line,  and  8  feet  for  a  single  line.  The  transverse  sleepers 
are  of  fialtic  timber,  6  inches  wide  by  4  inches  deep  and  8  feet  in 
length,  creosoted  to  the  extent  of  10  lbs.  of  creosote  per  cubic  foot 
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of  timber.  They  arc  laid  oii  the  floor  of  the  excavation,  on  the 
system  already  shown  :n  Fig,  58,  page  179,  one  at  each  side  of  the 
joint  of  the  rails,  at  i  5  inches  from  the  joint  to  the  centre  of  the 
sleeper.  The  intemicdtate  slee])er.s  are  laid  at  a  pitch  of  3  feet 
10  J  inches  between  centres ;  making  seven  sleepers  to  each  24  feet 
length  of  single  line.  They  are  bedded  on  and  packed  witli  fine 
concrete. 

The  rails  are  of  Bessemer  steel,  of  whit  h  the  ultimate  tensile 
resistance  is  30  tons  per  square  inch.  Tlie  tread  of  the  rail  is 
\  \  inches  wide, the  groove  is  i  \  inches  witle  at  the  surface,  and  the 
guard  flange  is  \  inch  thick,  making  altogether  3  ?  inches  of  width. 
The  rail  is  6J  inches  high,  and  the  base  is  5^  inches  wide.  'I'he 
base  IS  \  inch  thick  at  the  edge,  and  e.xpands  to  \V  inch  thick 
near  the  middle.  The  vertical  web  is  A  inch  thick  and  tapers  to 
%  inch  thi(  k  to  the  head.  With  these  dimensions  the  rails  weigh 
79  lbs.  per  yard.  They  are  rolled  in  lengths  of  24  feet,  with  a 
proportion  of  about  5  per  cent,  in  lengths  of  20  leet.  The  rails 
are  fish-jointed.  In  the  web  of  each  rail,  at  each  end,  2  oval 
fish-bolt  holes  are  punched,  \  %  inch  deep  and  i  inch  long,  respec- 
tively 3  inches  and  9  inches  from  the  end.  The  fishplates  are 
2  feet  long,  3  inches  wide,  and  \  inch  thick :  they  weigh  7  lbs.  each. 
The  bolts  and  nuts  are  of  B.  B.  iron,  f  inch  diameter,  with  semi- 
spherical  heads  and  square  nuts.  The  design  of  the  fishplates  is 
opposed  to  that  of  current  practice.  The  plates  lie  flat  against 
the  web  of  the  rail,  but  do  not  take  a  bearing  either  above  or 
below  on  the  head  or  the  base.  The  rails,  it  is  contended,  bedded 
direct  on  the  concrete,  are  immovably  held  by  the  bituminous 
grouting ;  and  the  fishplates  were  applied  rather  with  a  view  to 
keeping  the  ends  of  contiguous  rails  true  to  each  other,  until  the 
work  was  completed. 

The  rails  were  laid  to  a  gauge  of  4  feet  7f  inches  :  a  gauge  the 
origin  of  which  has  already  been  explained,  page  168.  The  sole 
of  each  rail  is  brought  close  to  tfie  sleepers^  to  which  each  24  feet 
rail  is  secured  by  14  dogheadcd  spikes*  Half-inch  holes  are 
bored  entirely  through  the  sleepers  for  the  reception  of  the  spikes. 
The  spikes  are  of  IL  B.  iron  and  are  i  inch  square ;  they  are 
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4  inches  long  under  the  head,  and  taper  to  \  inch  thick  at  the  point 
for  a  length  of  \  inch.   The  projection  of  the  head  is  i  inch  from 

the  stem  of  the  spike. 

After  the  sleepers  have  been  packed,  and  the  rails  laid  to  proper 
line  and  level,  the  space  excavated  is  filled  Ix  t\\ ci  11  the  sleepers, 
flush  with  them.  The  road  mcuil  from  the  material  excavated, 
when  used  fur  makini^  concrete,  is  carefully  screened  and  cleaned. 
This,  as  well  as  niw  metal  used,  is  broken  to  a  -z-mch  ^auge. 
The  concrete  is  cuiaj>osed  of  5  measures  of  metal,  2  of  sharp 
sand,  and  i  of  Portland  cement,  weighing  not  less  than  115  lbs. 
per  strakcd  imperial  bushel.  The  cement  is  re([uired  to  be  so 
finely  ground  that  at  least  four-fifths  of  it  can  pass  through  a  sieve 
of  2,500  meshes  per  square  inch,  or  50  meshes  per  lineal  inch, 
and  to  be  such  that  after  being  mixed  neat  in  a  mould  and 
immersed  in  water  for  seven  days,  it  resists,  without  I  renking,  a 
tensUe  fore*;  ol  300  lbs.  per  square  inch.  The  surface  of  ilic  con- 
crete filling  is  smoothed  off  with  a  layer  of  fine  concrete  composed 
of  4  parts  of  fine  clean  whinstone  shivers,  i  part  of  sand,  and 
I  part  of  Portland  cement.  This  fine  concrete  is  laid  upon  the 
sleepers  where  the  paving  stones  are  of  such  depth  that  room  for 
it  is  left  under  them.  The  finished  surface  is  to  be  not  more  than 
\  inch  below  the  lower  surface  of  the  paving  stones.  The  rails 
are  thoroughly  underpacked  with  concrete,  so  that  they  rest 
duroughout  on  the  concrete,  not  having  any  hollow  or  vacant 
spaces.  All  concrete  is  carefully  mixed  when  dry,  and  afterwards 
watered  and  turned  over  at  least  twice  on  hard  clean  boards. 

A  layer  of  clean  sharp  sand,  not  less  than  \  inch  thick,  is  spread 
over  the  concrete,  on  which  the  paving  is  set.  The  joints  of  the 
paving  are  kept  free  of  sand,  and  no  more  sand  is  used  than  is 
requisite  for  bedding  the  stones. 

The  leaving  extends  for  a  width  of  18  inches  outside  the  outer 
rails,  and  is  laid  also  between  tlir  rails.  The  paving  for  the  double 
line  of  tramway,  excluding  the  breadth  occupied  by  the  rails,  is 
15  feet  9  inches  in  width ;  and  for  a  single  line  it  is  7  feet  4^  inches 
in  width.  The  new  paving  is  of  the  granite  of  the  Fumess  or 
Bonawe  quairiesi  or  of  first-class  close-grained  Aberdeen  granite. 
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When  old  paving  is  restored  new  stcnes  are  laid  next  the  rails. 

The  paving  sets  are  all  6  inches  in  depth,  from  6  inches  to  1 2  inches 
lonL%  and  from  3  inches  to  4  inches  in  brca  1th.  Tlie  paving 
is  laid  m  siiai^hL  and  parallel  courses,  to  a  uniform  lateral  slope 
of  ^  inch  vertical  to  each  foot  horizonia!,  or  at  the  rate  of  i  in  48, 
flush  with  the  rails.  The  stones  are  set  close  to  each  other,  break 
bond  for  at  least  one-third  of  their  length,  butt  truly  and  hard 
against  the  rail,  an«l  laid  as  much  as  is  practicable  so  that  the  dog- 
spikes  come  between  courses.  But,  when  necessary,  the  stones 
are  properly  cut,  so  that  they  shall  not  rock  on  the  spikes  or  other 
material. 

After  the  paving  is  laid  and  thoroughly  beaten,  all  the  joints  — 
next  the  rails  as  well  as  between  the  sets-  are  completely  ^routed 
witK  a  mixture  of  I  rst  llntish  bitumen,  and  pitch  oil.  The  bitu- 
men is  manufactured  from  pure  coal-tar  pitch  ;  the  oil  has  a  specific 
gravity  of  '950.  Each  boilerful  of  grout  is  tested  by  suddenly 
cooling  a  portion  of  the  grout  in  water  ;  after  being  so  cooled  the 
grout  should  be  plastic,  and  should  not  break  by  bendiDg,  The 
grout  is  boiling  hot  when  used. 

In  constructing  the  tramway  oxer  Albert  Bridge  the  sleepers 
were  only  2  inches  deep,  when  the  full  depth  of  excavation  could 
not  be  allowed.    The  rails  were  bedded  in  fine  concrete. 

The  contractor  maintained  the  whole  of  the  works,  materials, 
and  lines  of  tramways,  for  twelve  months  after  the  several  dates  of 
opening  for  trafhc. 
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Double 
line. 

Single 
line. 

Excavatiog  and  removing  stuff  firom  macadamised 

». 

roads,  per  lineal  yard  ...••« 

2 

4 

I 

a 

Concrete  complete,  per  lineal  yard 

6 

8 

3 

4 

Carting,  bending,  and  laying  rails  and  fishplates 

complete,  per  lineal  yard  .  ... 

I 

8 

0 

10 

Bolts  and  nuts  for  fishplates,  per  cwt.  . 

10 

6 

10 

6 

to 

0 

10 

0 

Switches,  laid  complete,  per  pair  «     •     .  • 

90 

0 

90 

0 
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Schedule  of  Prices  {continued), 

liae.  lioe. 

d.  ••4. 

Conptete  rail  crossings  of  cut  nuls,  each    •     .  20  o  30  o 

Creosotin cr  nnd  laying' sleeper*,  each    .       •       ,     o  10  O  10 

Sand,  per  lineal  yard  06  03 

New  6-inch  stone  pavin^^-.  per  lineal  yard  .  .  44  o  22  o 
Lifting,  redressing,  and  relaying  uld  paving  sets, 

per  lineal  yard  .           •     «     •     .     .So  40 

Pitch  gtottting,  per  lineal  yard    •     «     •     .86  43 

Additlooal  prices  for  fictra  work; 

Extra  excavatioDf  per  cubic  yard  26 

Do.  concrete,                    ,,   10  J 

New  4-incli  cubes  of  Jburness  granite  for  double  line,  per 

lineal  yard   35  ^ 

New  4-iQcli  cubes  of  Aberdeen  granite  for  double  line,  per 

lineal  y»rd  •••37B 

New  6- inch  cubes  of  Aberdeen  granite  for  doable  line,  per 

lineal  yard   48  o 

Pitch  grouting  4>inch  cubes  for  double  line,  per  lineal  yard  S  o 

Oq  the  rates  contained  in  the  foregoing  schedule  the  extensions 
have  been  constructed.  The  quantities  and  costs  per  lineal  yard 
and  per  mile  of  double  line  are  given  as  follows.  For  the  sake  of 
comparison  the  corresponding  details  are  here  given  for  Contract 
No.  I,  made  in  September,  187 1. 

quanhties  a.nd  costs  of  the  glasgow  corporation 

Tramways, 

Coniract  j\'o.     September ^  1871.   In  macadamised  roads,  with 

ntwpaving* 

Doeiu  Lim.  ''"''•^  y*^*  . 

Eicavation  70  616  o  o 

Concrete   29  6  3,596  o  o 

Iron  rails,  60  lbs.  per  yard,  laid  complete, 

9s.  per  ton   20    ij  1,771  o  o 

Chairs,  laid  complete,  £^s,  ids.  per  ton     .        2    \\  187  0  o 

Bolts  and  nuts,  fixed  complete,  3  jos.  per  ton        08  58  13  4 

Ftsh-platea,  fixed  complete,  205s.     »  •  .     04^  33  o  0 

Washers,  fixed  complete,  240s.        tt  •       04  29  6  8 


Digitized  by  Google 


192  CONSTRUCTION  OF  TRAMWAYS. 

Quantities  and  Costs  {coniinued). 

s.    a.  £f      s.  d* 

Spikes,  fixed  cnm[  lete,  192s.  6d.  per  ton  .  03  22  O  o 
Sleepers,  creusotcd  and  laid,  2s.  6d.  to 

3s.  each   46  396   o  o 

Longitudinal  beams   96  836  o  o 

Oak  pinB,  206.  per  1,000  ....  01  768 

Tairiog  bolt  holes,  &c   01  768 

Toui  for  way    .      .      ,  74  6i  6,559  U  4 

Sand   09  6600 

New  6-inch  paving  sConea^  including 

gnniting   59  o  5,192  o  o 

Total  for  pavcpient   .      ,  59.  9  5i258   o  o 

Total  .for  way  and  pavement  complete  134  .  3^  j^n.Si;  13  4 

Contract  No.  7,  September,  1879.   In  macadamised  roads  with 

nem  jiving. 

Excavation   24  205  6  8 

Concrete   6  8  586  13  4 

Carting,  beading,  and  laying  rails  and 

fish-plates   18  146  13  4 

Steel  rails,  79  lbs.  per  yard,  10s.  per  ton  ^  ^6  1  2  20^  6  8 
Fish-plates,  14  lbs.  per  pair,  j{^8  10s.  J 

Bolts  and  nuts,  ;^io  xos.  per  ton      .      .  03  22  o  o 

Spikes,  j^to  per  ton   03  22  o  o 

Sleepers,  is.  ii^d.  each    .      .      .       .  ) 

Creosoting  and  laying  sleepers^  lod.  each.  \  ^  43^  13  4 

Total  for  way    .   <  •      .  42  2  ;^3,7 10  13  4 

*  *  • 

Sand  ........  06  44OD 

New  6 -inch  paving  sets    «...  44   o  31872    o  o 

Pitch  grouting  for  do.      ....  86  74S  o  o 

Total  for  pavement    ....  53  o  ^4.664  o  o 

Total  for  way  and  pavement,  complete  95  2  ;^8.374  13  4 
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The  price  of  the  sleepers,  is.  i  ikl.  each,  dehvercd  at  the  creo- 
soting  works,  was,  it  may  be  noted,  above  their  market  value.  It  is 
an  adjusted  price,  covering  undelivered  timber  contracted  for  in 
1873 — 74>  when  the  market  value  of  timber  was  high. 

Iireqtecttve  of  difference  of  rates,  due  to  the  state  of  the  markets, 
it  appeals  generally,  in  comparing  the  costs  for  the  earliest  and 
latest  ways^  that  the  corapaiative  saving  by  the  adoption  of  the 
nev  sjrstem  is  effected,  for  the  most  part,  in  the  items  of  excavation 
and  concrete,  in  which  together  the  reduction  amounts  to  s,4SO. 
Add  to  this  ^409,  the  reduction  of  cost  for  the  way  proper,  and 
the  sum,  ^2,839,  is  the  whole  difference  in  cost  in  favour  ot 
the  new  way.  The  sliallowcr  and  simpler  structure  of  the  new 
way  has  been  rendered  available  by  the  employment  of  the 
stronger  concrete,  made  with  Portland  cement 

Thus  it  is  that  Messrs.  Johnstones  &  Rankine  have  logical^ 
matured  an  excellent  system  of  tramway :  having,  by  successive 
stages,  reduced  the  quantity  of  excavation,  concrete,  and  timber ; 
simplified  the  design,  increased  the  strength  and  durability  of  the 
work,  and  minimised  the  cost  of  construction. 

In  Match,  1881,  four  miles  of  way  had  been  laid  In  Glasgow, 
on  the  new  girder  system,  the  first  portion  of  which  had  been 
opened  one  year  previously.  Now,  in  1892 ,  over  nine  miles  have 
been  constructed,  the  last  portion  having  been  completed  in  1887. 
Practically,  there  has  not  been  made  any  alteration  of  the  system^ 
excepting  that  the  width  of  the  fish-pUites  has  been  augmented  so 
as  to  occupy  the  whole  depth  of  the  web  of  the  raiL 

The  cost  of  the  lines  constructed  between  1882  and  1887  varied 
from  ^7,000  to  ;f  8,000  per  mile  of  double  line.  The  prices  of 
rails  and  fish-plates  have  varied  considerably,  those  used  in  1882 
<^<>sting  5s.  per  ton,  and  those  used  in  relation  to  the  two  suc- 
ceeding contracts,  extending  from  1885  onwards,  ^  5  1 7s.  6d.  and 
£,1  respectively  for  raik  and  fish-plates. 

The  prices  for  sleepers,  including  creosoting  and  laying,  was 
reduced  in  1882  to  2s.  id.  each,  and  thereafter  to  is.  6d. 

The  whole  length  of  tramways  in  Glasgow  and  suburbs  belong- 
ing to  the  Corporation  is  31  miles  of  double  line,  the  total  cost  ot 
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which,  indudiDg  that  of  the  relative  Acts,  has  been  ^^345,000. 
The  lessees  find  the  necessary  equipment  far  their  working. 

It  was  not  till  the  beginning  of  1886  that  any  of  the  tramways 
required  renewal,  their  life  on  the  busiest  streets  having  thus  been 
14  years.  Up  to  September  last  about  15  miles  of  double  line 
had  been  renewed.  In  relaying  the  tramwavs  the  substructure  is 
not  intcrlcicd  with.  The  luil,  longituihiuil  beam,  and  chair,  are 
lifted  and  removed  entirely.  The  new  or  girder  rail,  of  similar 
type  to  llkil  used  here  since  1880,  is  designed  to  corresponti  in 
depth  and  come  in  place  of  these.  It  is  tlnis  laid  on  the  old 
transverse  sleeper  and  spiked  to  it  as  in  llie  case  of  new  tramways. 
The  paving  is  taken  up  so  as  to  restore  it  to  the  same  level,  and 
after  redres">ing  is  relaid.  The  siceiiers  are,  it  is  stated,  all  in 
good  condition,  having  suffered  little  deterioration  during  the 
14  years  or  so  they  have  been  laid. 

As  for  the  cost  for  renewal,  it  has  naturally  varied,  being  partly 
controlled  by  the  imi)ortance  of  the  street,  the  work  having  some- 
times to  be  done  during  tlie  night,  involving  the  constniction  of 
cross-overs  within  short  di>tances.  The  preparation  of  new  jxiving 
stones  is  also  an  uncertain  quantity,  varying  from  to  per  cent,  to 
33  y)er  cent.,  and  in  some  cases  even  exceeding  that.  The  average 
■cost  of  renewal  of  a  double  line  of  tramway  is  from  ^4,000  to 
^4.500,  less  the  value  of  old  material,  which  amounts  to  about 
^350  per  mile. 
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THE  VALE  OF  CLYDE  TRAMWAYS. 

The  Act  for  the  Wile  of  Clyde  Tramways  was  passed  in  1871. 
They  consisted  of  two  sections — from  Park  House  Toll,  Glasgow, 
to  Paisley,  Johnstone,  and  Govan  ;  and  from  Port  (ilasgoNV  to 
Greenock  and  Gourock.    As  before  remarked,  the  Vale  of  Clvde 
line,  between  Glasgow   and  Govan,  was,  by  the  Act,  to  be 
constructed  so  as  to  admit  of  railway  vehicles  being  passed  over 
it:  in  fact,  to  carry  loaded  coal  waggons  from  the  Govan  Railway 
Station  to  the  shii)-buikling  yards  on  the  route.    It  was  laid  to 
the  gauge,  4  feet  i\  inches,  which  was  adopted  by  general  consent 
for  the  tramwajrs  of  the  Glasgow  District,  as  already  noticed, 
and  had  been  applied  to  the  Glasgow  Corporation  Tramways. 

The  fim  piece  of  the  upper  section  of  the  Vale  of  Clyde  Tiam> 
ways — from  Park  House  Toll,  Glasgow,  to  Govan — was  constructed 
by  the  Corporation  of  Glasgow,  under  Mr.  Hopkins  as  the 
engineer.  The  construction  was  commenced  in  July,  1S73,  and 
the  line  was  opened  for  tiafiic  on  the  i6th  December,  1872.  A 
portion  of  the  lower  section — between  Greenock  and  Gourock — 
I ^  miles  in  length,  was  opened  in  July,  1S73.  The  remainder  of 
the  lower  section,  3  mUes  in  length,  was  constructed  by,  and 
leased  from,  the  Corporation  of  Greenock.  The  leqgths  of  line 
now  open  are  as  follows — 

Glasgow  and  Govan  .      .      •   2^  miles  double  line. 
Greenock  and  Gourock      .      •   4^    i»  », 

Total      •      .      .      •  6}     M  M 

0  a 
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The  Govan  rail,  Fig.  67,  is  of  steel,  and  weighs  60  pounds 
per  yard.  The  distribution  of  the  material  in  the  rail  is  less 
effective  for  resisting  vertical  stress  than  in  the  Dublin  rail ;  but 
the  thicker  section  was  specially  adopted  for  the  transport  of  rail- 
way wagL^ons,  l)e.sides  providing  a  more  massive  tread;  the  section 
also  provided  greater  thickness  under  the  groove — the  weakest 
point. 

The  rail  is  nominally  4  inches  wide.  It  is,  in  fact,  3^  inches 
wide  at  the  surfac  e,  widening  downwards  to  4  in<  hes  at  the  edges 
of  the  flanges  to  facilitate  the  manufacture.  The  total  depth  is 
2}  inches.  The  tread,  or  rolling  surface,  is  i|  inches  wide,  slightly 


FlO.  67.    \  ale  of  Clyde  Tramways : — Section  of  Rail.   Scale  \. 

rounded,  with  a  rise  of  inch.  The  groove  is  i  J  incho«?  wide, 
with  sloping  sides  and  a  flat  floor,  and  is  only  \  \  inch  deep, 
adapted  by  its  wideness  and  shallowness  to  receive  the  flanges  of 
the  wheels  of  railway  waggons,  which,  being  at  least  one  inch  in 
depth,  of  course  take  a  bearing  on  the  floor  of  the  groove.  It 
was  rather  a  violent  thing  to  think  of  doing,*'  says  Mr.  Hopkins^ 
in  his  evidence  before  the  Select  Committee  of  1877,  *'  but  the 
obligation  was  upon  us,  and  it  was  the  only  way  we  could  possibly 
hit  upon,  because,  if  we  made  the  groove  in  the  rail  wide  enough 
to  receive  the  ordinary  tyre  of  a  railway  carriage,  it  would  be  too 
wide  for  the  ordinary  traffic  of  a  street"  The  ledge  at  the  inner 
side  of  the  rail  is  I  inch  wide  .at  the  stnfaoe. . 
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The  rails  were  rolled  to  a  length  of  2\  feet,  with  5  per  cent,  of 
the  total  quantity  as  shorter  lengths. 

The  system  of  construction  consisted  of  rails  laid  on  longitu- 
dinal sleepers,  bedded  on  a  foundation  of  concrete  laid  the  whole 
width  of  the  way. 

The  lines  of  way,  where  the  way  is  double,  are  placed  at  a 
distance  of  three  feet  apart  between  the  rails.  Including  the 
usual  outside  breadths  of  18  inches  of  pavement,  the  width  of  the 
tramway  i$  made  up  as  follows : — 

Ft.  Ian. 

Two  Uoes  of  way,  4  feet  7I  inches  gauge       .      .      -    9  3i 

Interspace  between  lines  ,       ...       ...     3  O 

Two  breadths  of  pavement,  18  inches     .       .       .  .30 

Four  widths  of  roUing  surfaces  of  rails,  ig  inches  x  4        o  i\ 


Total  width  15  11 

In  a  single  line  the  total  width  amounts  to  8  feet  inch. 

The  roadway  was  excavated  for  the  full  width  of  the  tramway — 
16  feet  for  a  double  line — to  a  uniform  depth  of  13  inches  below 
the  peimanent  surface.  At  junctions  and  crossiDgs,  where  doss- 
sleepers  were  laid,  the  depth  was  increased  to  17  inches,  to  make 
room  for  the  sleepers.  At  places  where  the  excavated  bottom  wr.s 
not  firm  or  solid,  deeper  excavations  were  made,  and  filled  with 
hard  materials  or  with  concrete.  A  foundation  of  concrete  laid 
with  Portland  cement  was  laid,  6  inches  thick,  in  the  bottom  for 
the  whole  of  the  width.  The  concrete  was  of  the  following  pro- 
portions : — 

Part*. 

Portland  cement  .  .  .  i 
Ballast  7 

8 

The  cement  was  to  be  of  the  best  quality,  weighing  at  least 
no  lbs.  per  striked  bushel,  and  of  such  a  fineness  that  40  per 
cent  of  it  would  pass  through  a  hair  sieve  of  50  gauge.  It  was 
to  support  a  tensile  stress  of  200  lbs.  per  square  inch,  one  week 
after  having  been  gauged  neat,  and  kept  immersed  in  water. 
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The  ballast  was  to  be  clean  and  sharp,  in  the  proportion  of 
6  parts  of  gravel,  broken  stone,  or  screened  macadam,  to  2  of 
clean  sharj)  sand. 

The  ground  was,  in  dry  weather,  to  be  well  watered  before  the 
concrete  was  filled  in. 

The  longitudinal  sleepers  were  of  best  Memel  timbers,  6  inches 
deep,  4  inches  wide,  sawn  true  and  square,  in  lengths  of  not  less 
than  20  leet,  rebated  to  fit  the  rails.  They  were  laid  on  the  lounda- 
tion  of  concrete.  On  curves  having  less  than  a  radius  of  200  feet, 
the  sleepers  could  be  of  shorter  lengths,  and  were  sawn  to  suit  the 
curves.  Cross-sleej^rs  of  the  same  tim])cr,  6  inches  wide  and 
4  inches  deep,  at  least  7  feet  in  length,  were  laid  under  the  longi- 
tudinals to  support  them,  at  mtervals  not  exceeding  4  feet  between 
centres,  at  the  points  and  crossings.  A  foundation  of  concrete, 
6  inches  thick,  was  laid  for  the  support  of  the  cross-sleepers.  The 
timber  was  to  be  charged  with  creosote  oil,  having  a  specific 
gravity  not  exceeding  0*95,  to  the  extent  of  10  lbs.  of  oil  per  cubic 
foot  of  timber. 

The  rails  were  so  laid  that  they  extended  to  the  right  and  left 
of  the  joints  of  the  sleepers.  For  curves  of  less  than  200  chains 
radius,  the  rails  were  to  be  bent  to  a  true  curve  by  the  proper 
machine.  Swaging,  or  bending  by  blows,  was  not  permitted.  Be- 
fore the  paving  was  laid,  the  rails  were  straightened  and  surfaced* 
The  rails  and  sleepers  were  forced  together  by  means  of  cramps^ 
before  the  &stenings  were  driven.  The  cramps  were  used  for  each 
hole,  and  were  screwed  up  as  near  the  fastenings  as  possible. 

The  longitudinal  sleepers  were  laid  in  pairs,  and  the  ends  were 
cut  true  and  square.  As  in  the  Liverpool  line,  they  were  tied 
together  except  where  oross-sleepers  were  used,  at  every  joint  and 
at  intervals  of  from  4  to  5  feet,  with  wiought*iron  tie*bars,  3  inches 
deep  X  I  inch  thick,  having  dovetailed  ends,  made  of  best  mer- 
chant iron.  These  were  let  into  dovetailed  grooves,  in  cast*iron 
dip  chairs,  fitted  tightly  upon  the  longitudinal  sleepers,  and  naOed 
to  them  with  i-inch  nails,  si  inches  long.  The  cioss-sleepers 
used  at  the  joints  and  crossings  are  united  to,  and  act  as  ties  for, 
the  longitudinal  sleepers,  by  two  pairs  of  cast-iron  bmckets,  each 
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longitudinal  sleeper  being  lodged  between  tlic  brackets,  and 
fixed  to  them  with  ^-inch  spikes,  3}  inches  long,  chisel-pointed, 
and  round  headed,  four  spikes  for  each  bracket.  The  joints  of 
the  rails  are  supported  by  joint-plates  of  best  merchant  wrought 
iron,  ^  inch  thick,  3  inches  wide,  and  8  inches  long,  rounded  at 
the  angles,  and  let  flush  into  the  longitudinal  sleepers. 

The  fastenings  for  the  rails  were  double-kneed  staples,  having 
8  inches  of  total  length,  made  of  iron  ,'  inch  thick,  and  \  inch 
wide.  The  upper  ])art,  to  pass  through  holes  in  the  flanges  of  the 
rail,  was  forged  rot.nd  and  chisel-pointed  ;  the  lower  part  was 
jagged,  and  was  driven  into  the  sleepers.  Each  rail  of  24  feet  was 
fastened  with  23  staples,  a])i)lied  to  each  side  alternately;  two 
pairs-  of  them  were  applied  to  the  end  of  each  rail. 

1  he  staples  and  the  other  fastenings  employed  ia  the  chairs, 
brackets,  points,  tVc,  were  made  of  Lowmoor  iron. 

After  the  rails  and  the  sleepers  were  secured  to  each  other,  they 
were  raised  to  the  proper  level  by  means  of  folding  wedges,  and 
were  truly  surfaced  and  straightened.  They  were  closely  and  com- 
pletely packed  with  concrete  underneath,  over  the  whole  surface. 
The  concrete  was  finer  and  stronger  than  that  which  was  employed 
fox  the  fonnatioD,  and  was  of  the  following  composition : — 

Parts. 

Portland  cement  •  .  .  .  i 
Qean  coaxie  sand   ....  4 

5 

The  points  and  crossings  were  of  cast  iron,  of  which  the 
whole  of  the  upper  surfaces  were  chilled  to  a  depth  of  at  least 
I  inch.   Movable  tongues  were  of  cast  steel. 

The  whole  of  the  spaces  between  the  rails,  with  the  18-inch 
breadths  at  the  outer  sides,  were  paved  with  the  best  whinstone 
causeway  sets,  from  3^  inches  to  4  inches  wide,  and  6  inches  deep, 
laid  00  a  bed  ot  good  dean  sharp  sand,  t  inch  thick.  All  the  sets 
were  to  be  dressed  tiue  and  square  and  free  from  cracks,  chips, 
round  or  broken  angles,  or  hollows  on  the  sides.  The  paving  was 
laid  in  straight  parallel  courses  across  the  way,  bordered  at  each 
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side  by  a  longitudinal  course  of  sets  3  inches  wde,  upon  which  the 
macadam  of  the  common  roadway  abutted.  Where  the  stones 
came  in  contact  with  tlic  chairs  and  the  brackets,  they  were  to  be 
carefully  cut  with  a  chisel  by  a  mason  to  fit  the  work— not  to  be 
broken  with  a  hammer. 

The  sides  of  the  roads  next  the  tramways  were  made  up  with 
broken  granite  or  whinstone.  The  paving  was  well  rammed,  and 
the  joints  were  partly  filled  with  coarse  dry  gravel,  run  with  best 
British  aspbalte,  and  covered  with  sand.  The  upper  surface  of  the 
paving  finished  flush  with  the  sur&ce  of  the  rails. 
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CHAPTER  XII. 

BELOE'S  SrSTEM,—SOUTHPORT  TRAMWAYS.— 

WIRRAL  TRAMWAYS, 

Thb  Soutbport  Tramways,  opened  in  1873,  of  which  Mr.  Charles 
H.  Beloe  was  engineer,  consist  of  a  single  line  4  miles  in  length, 
laid  with  flanged  or  box  iron  rails,  fastened  to  longitudinal  sleepers 
laid  on  transverse  sleepers  in  concrete,  to  a  gauge  of  4  feet  8^ 
inches.  The  ground  was  excavated  for  a  width  of  8  feet»  to  a  depth 
of  12^  inches  below  the  sinrface  of  the  roadway.  A  foundation  of 
concrete,  3  inches  thick,  was  laid  over  the  whole  of  the  bottom. 
The  concrete  was  composed  as  follows 


Upon  diis  base,  cross-sleepers  of  pitch  pin^  6  inches  wide  and 
3  inches  deep,  were  laid  at  intervals  of  6  feet  between  centres. 
Longitudinal  sleepers  of  the  same  timber,  3  inches  wide  and 
6  inches  deep,  were  laid  upon  and  let  i  inch  into  the  cross-sleepers, 
to  which  they  were  secured  with  four  staples  at  each  intersection. 


Broken  stone  . 

Coarse  sand,  or  fine  gravel 

Blue  lias  lime . 


Measures. 

.  3 


I 
I 


5 
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At  the  joints  of  the  longitudinal  sleepers,  cast-iron  brackets  are 
employed  to  fasten  them  by  spikes  to  the  cross-sleepeis. 

SouTHPOKT  Tramways  :— Quantities  and  Costs  for  onb 

Mile,  Single  Way»  1873. 

£   m.   A.  £ 

Excavation,  8  feet  wide : — 
Macadam,  3  inches  deep,  4,693^  square  yards 

9  2}d  48  17  S| 

Below  foundation  of  roads,      inches  deep, 

1,23s  cubic  yards  @  IS.        .       .       .       .    61  18  O 
Bottom  of  excavation  levelled,  4,693  square 

yards  @  |d  9  li  6^ 

— 120  II  3 

Concrete,  8  inches  deep  (1,043  cubic  yards), 
deduct  for  sleepers,  53  cubic  yards,  991 
cubic  yards  @  ts,   445  19  o 

Timber :~ 

Ixmgitudinal  sleepers,  pitch  pine,  6  inches  x 
3  inches,  21  feet  lengths,  10,560  lineal  feet 
®5d.  220   o  o 

Cross*sleepers,  notched,  at  6  ffct  intcr\als,  7 
feet  long  x  880  »  6^160  lineal  feet  @  5d.     .12"^   6  8 

 348   6  8 

Iron  rails,  21  feet  long,  1,760  y  2  =  3,52oyards, 
at  40  lbs.  per  yard,  say  03  tons  ®  ^^13  ,      .  819   0  o 

Staples  : — 

Short,  4  at  every  joint,  2,008  ®  4  oz.,  4^  cwt. 

©243  580 

t^ng,  4  at  evety 

joint      •      .  2,008 
Long,  4  at  eveiy 

yard  of  way    •  7,040 

9,048®  4^  oz.,  23  cwt.®  24s.   2712  0 
Twisted,  4  at  eveiy  cross-sleeper,  except  at 
longitudinal  joints, — 880  cross-sleepers,  less 
351  joints,  629  X  4  K  2,516  @  5  oz.,  7  cwt. 

024s  880 

  41   8  o 

Carried  forward    .     •  £t,jj$  4  11 
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SotTTHPORT  Tramways  {fonHnmed). 

Brought  forward 
Brackets^  double*  2  at  each  longitudinal  joint ; 
50a  joints  X  2  B  1,004  d  5  1^  ^  o<s*t  48i 

CWL  @  14s.      ...  .... 

Oak  trenails,  6  to  each  longitudinal  jointi  502 

joints  :<  6  =3,012  @  £b  per  1,000 
Fish-plates*  502  %  5  86  lbs.,  26^  cwt.  @  13s.  . 


£  t.  d. 
i»775   4  " 


33  IS  S 

1800 
'7   J  3 

1,844  t  10 


Excavation  and  Materials  for  Tramway. 

Paving",  4.400  square  yards  : — 
Granite  sets  Oi'  6s.  2d.  per  sq.  yd.  \ 

'A%^f^::'yt.      :   440.«,.,d.«7.oid.   ,.544"  » 

Sand  d  id.  per  sq.  yd.  .      .  / 
^<bkiD^  good  between  new  and  old  pavement* 

1,760  lineal  yards  @  6d. 
labour*  laying  tramway,  1,760  lineal  yards  ® 

IS.  lod  161  6 

Labour,  cutting  beds  for  fish-plates,  502  beds 
@  4d  


44  o  o 


8  7 


8 

4 


Carting : — 

Rails  and  fish-plates 
Brackets  . 
Staples  . 
Trenails  . 
Timber  . 


T^ni.  Cwt. 
64  b\ 

2  8i 
O  I 

38  5 


Granite  sets  782  o 

Total  weight,  say  889  tons  %  is.  6d 
Watching,  lighting,  and  contingencies  • 


Credit : — 
Old  materials  • 


Total  cost 


Net  cost 

Say;^3,730  per  mile. 


169  14  o 


66  13  6 

say  100  o  o 

3,769   I  o 

say  41   o  o 

3.7«*  I  o 


Digitized  by  Google 


204 


CONSTRUCTION  OF  TRAMIVAYS, 


The  rails,  wcti^liiiig  40  lbs.  per  yard,  are  3  inclics  wide,  and 
I J  inches  thick;  and,  witli  the  side-flanges,  are  2\  inches  tleep. 
The  width  was  hmited  to  3  inches,  as  it  was  thought  that  a  rail  of 
this  width  would  offer  less  interference  with  ordinary  traffic  than  a 
rail  oi  the  usual  width,  4  inches  ;  besides,  it  costs  less  in  first  outlay. 
The  rails  are  secured  to  the  longitudinals  by  staples,  at  intervals 
of  3  feet  01^  each  side  of  the  rails.  Tlie  joints  are  set  ured  by  two 
pairs  of  staples,  at  the  end  of  each  rail.  A  wrouglit-iron  hsli- 
phue,  15  inches  by  2\  inches,  and  i  inch  thick,  is  placed  at  the 
joints. 

After  the  rails  and  sleepers  were  adjusted  to  the  street  levels, 
the  sjiace  around  the  cross-sleepers,  and  for  2  inches  above  them, 
was  filled  with  concrete,  which  was  brought  to  a  level  4.1  inches 
below  the  surface  level.  The  cross-sleepers  thus  became  envclo]>e<i 
in  a  mass  of  concrete,  8  inches  deep.  V\)on  a  A  -incli  bed  of  sand, 
4-inch  cubical  bets  were  laid,  as  pavenient,  and  grouted. 

The  ^\'irraI  Tramway  (Birkenhead,  Tranmere,  Rork  Fern',  and 
New  Ferry)  is  a  single  line,  3  miles  in  length,  including  sidings. 
It  was  constructed  to  the  designs  of  Mr.  Beloe,  as  engineer,  and 
was  opened  in  1877.  In  the  design  of  this  line,  4  feet  8i  inches  in 
gauge,  the  engineer  materially  simplified  the  construction  compared 
with  that  of  the  Southport  line.  The  raiJs  are  box  rails,  laid  on 
longitudinal  sleepers  bedded  in  concrete,  and  connected  ])y  tie-bars. 
In  the  choice  o**  this  system  of  construction,  in  which  tie-bars 
were  substituted  for  cross  sleepers,  the  engineer  was  influenced  by 
a  desire  to  leave  the  already  existing  foundation  undisturbed. 
The  foundation  consisted  of  a  stratum  of  rock-pitching,  or  rough 
stones,  laid  in  by  hand,  10  inches  in  depth,  and  if  cross^leepeis 
had  been  laid,  the  pitching  w  ould  have  been  broken  into  to  such 
an  extent  as  to  have  seriously  weakened  the  fotindation.  But^ 
though  the  cost  was  considerably  reduced  by  the  use  of  tie*baxs 
instead  of  cross-sleepers,  the  engineer  has  regretted  that  he  did 
not  take  out  the  old  pitching,  and  lay  a  foundation  of  concrete  for 
the  whole  width  of  the  tramway.'" 

*  Proceedings  of  the  InsiituUim  of  Civil  Engiueers,  vol. 
page  41. 
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WlK-R/VL  TKAAIWAY:— QCANTITTT-S  AND   COSTS  FOR  ONE  MiLE, 

SiNciLb  Way,  1877.  " 

Excavation,  8  feet  wide  :  — 
Macadam,  3  inches  deep,  4,093  square  yards 

@  6d  

Below  foandatioDS  of  roads,  668  cubic  yards 

®  48  

LeveUing  bottom,  4,693  square  yards  %  id. 


Concrete,  440  cubic  yards  ©95. 
Timber,  2,000  cubic  icet  %  2S.  6d.  . 
Iron  ruls  @  52  lbs.  per  yard,  84  tons  6  cwt.  % 

Staples,  15  cwt.  d  C\  2s.  6d.  . 

Chairs,  4  tons  16  cwt.  £(>  . 
Fish-plates,  i  ton  1 1  cwt.  (^^9 
Tie-rods,  3  tons  2  cwt.  ©^14  . 


£  9,   i*  £    s.  d. 

118  O  O 

134  o  o 

20  O  O 


-  273  O  O 

198  O  O 

250  o  o 

717  o  o 

17  o  o 

29  o  o 

14  o  o 

71  Q  O 

1,568  0  o 


Excavation  and  Materials  for  Tramways. 
Pavin£^ : — 

Granite  sets,  759  tons  %  £1  8s.  6d.    .      .  1,082  o  o 
Laying,  ^ut  and  sand,  4,300  square  yards 
®is.8id  .372  o  o 


Making  good  between  old  and  new  |iavement, 
1,760  lineal  yards    5d.    .  . 

lAbour^  laying  tramway,  1,760  lineal  yards 
<9  2s.  6d.  


Carting 

Rails  and  fish-plates 

Chairs 

Staples 

Tie*iods  •      .  . 
Timber  . 
Granite  sets 


'1  ons.  Cwt. 
85  17 

4  16 

5  a 
30  12 

759  o 


Total  weighty  say  886  tons  @  28, 
Total 


1,454   o  o 
37  o  o 

220    O  O 


89  o  o 
^3.368  o  o 
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The  rails  arc  of  steel,  anil  arc  wider  and  heavier  than  the 
Southport  rails  ;  they  are  4  inches  wide,  weight  52  lbs.  per  yard, 
anil  are  rolled  to  lengths  ul  21  feet.  They  are  1,}  inches  thick, 
with  side  flanges  I -inch  deep,  making  ilic  Louil  depth  2  vV  inches. 
In  improving  U|)Oii  tiie  Southijort  rail,  Mr.  Beloe  ohserved  that 
the  latter  wai>  nuL  possessed  of  siirticient  slifiness.  Tlie  ra.iL  aie 
bedded  on  longitudinal  sleepers,  4  inches  wide  and  6  inches  dee}.', 
and  arc  fa.stened  to  them  by  wrought-iron  side  sta[)les,  ten  to  each 
rail,  6  feet  ai)art  at  each  side,  except  near  the  joints  of  the  rails, 
where  they  are  closer  to  each  other. 

The  ends  of  the  sleepers  are  lodged  in  cast-iron  chairs,  9  luchcs 
long,  tied  together  transversely  by  two  ^-inch  tic-rods,  which  take 
a  bearing  by  collars  on  the  inner  sides  of  the  chairs,  and  pass 
through  the  chairs  and  the  sleepers,  and  are  fastened  by  nuts 
outside.  The  sleepers  are  likewise  tied  by  three  intermediate 
Ue-rod>  iiassed  through  and  screwed  ui)  outside. 

The  ground  was  excavated  to  a  uniform  depth  of  7^  inches 
below  the  permanent  surface ;  two  longitudinal  trenches  in  addi- 
tion, 12  inches  wide  and  3  inches  deep,  were  excavated  under 
the  sleepers,  where  the  total  deptli  amounted  to  about  10,}  inches. 
When  the  rails  and  sleepers  were  adjusted  in  their  places,  the 
whole  of  the  bottom  of  the  excavation,  as  well  as  the  trenches 
under  the  sleepers,  were  filled  with  concrete  to  a  height  of 
3  inches  above  the  bottom,  thus  embedding  the  sleepers  to  a  depth 
of  3  inches,  and  leaving  4^^  inches  for  paving.  The  paving  con- 
sists of  4-inch  cubes  bedded  on  a  ^-inch  layer  of  sand. 
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MACKIESON'S  SYSTEM.— DUNDEE  STREET 

TRAMWAYS. 

The  Commission cr'j  of  Police  of  Dundee  contracted  in  A])ril, 
1877,  for  the  construction  of  2,346  yards,  or  miles,  of  trannvay, 
double  line,  to  the  design  of  their  engineer,  Mr.  W.  Mackieson, 
which  was  comi)leted  in  July,  1877.  The  line  passes  between 
Dalhousie  Terrace  and  the  General  I'ost  Ollice,  along  Perth  Road, 
Nethergate,  Reform  Street,  and  into  Euclid  Crescent. 

According  to  the  system  of  construction,  which  is  similar  to  Mr. 
Hopkins'  ])lan  of  1873,  lianged  rails  are  laid  on  longitudinal  beams 
or  sleepers,  which  rest  on  a  bed  of  ( oncrete,  and  they  are  set  to 
gauge  by  transverse  tie-rods,  dovetailed  into  cast-iron  chairs. 
The  surface  is  paved.  Two  - sections  of  rails  and  sleepers  are 
employed,  smaller  and  larger,  of  which  the  lighter  section  is  laid 
in  the  contracts — comprising  a  length  of  1,562  yards — between 
Dalhousie  Terrace  and  South  Tay  Street,  and  the  heavier  scantling 
is  laid  thence  to  the  Post  Office — a  leogth  of  784  yaids — the  busiest 
part  of  the  route. 

The  Hues  are  laid  to  a  gauge  of  4  feet  Z\  inches^  with  a  clear 
interspace  of  4  feet  between  the  rails.  The  rolling  surfaces  of  the 
rails  are,  for  the  larger  scantling,  1 1  inches  wide ;  and  the  paving 
is  laid  outside  the  lines  for  a  width  of  18  inches  at  each  side.  The 
total  width  for  the  double  line  of  way  is  17  feet  i  inch,  thus: — 

Two  lines,  4  feet  8|  inches  gauge 

1  interspace  .... 

2  breadths,  of  18  inches 
4  rolling  surfaces  (ij  inch  x  4) 

17  0* 
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The  gradients  of  the  lines  are  as  follows,  commendDg  at  the 
Post  Office 


V.ir.ls. 

1  in  loo  for  a  length  of  68 


I  ,,  210 

I  M  31 

1  47 

1  >. 


228 
99 

99 


V.-irdS. 

I  in  133  for  a  length  of  6| 
Im  47 


I  .. 

I  M 
I  M 
1  »> 


77 

34 

50 
121 

250 


i 

166 

131 
263 

120 

2,346 


The  gradients  do  not  all  fall  the  same  way.  There  is  a 
difference  of  level  of  76  feet  between  the  two  extremities  of  the 
tramway  —the  I'o'^t  Office  being  at  the  lower  end. 

The  roadway  was  excavated,  for  the  way  of  60-pound  rails,  for 
a  uniform  depth  of  about  14  inches^exactly  13?!  inches — below  the 
permanent  level  of  the  road,  for  the  whole  width  of  tlic  tramway. 
The  bottom  was  cleared  of  soft  or  otherwise  unsuitable  material, 
and  levelled  and  lieaten  so  as  to  secure  a  solid  and  unifc^rm  bottom. 
Upon  the  bottom  was  laid,  for  the  whole  width,  a  foundation  of 
concrete,  6  inches  thick,  well  pounded  wth  a  heavy  beater.  The 
composition  of  the  concrete  was  as  follows : — 

Whinstone  metal  to  a  2dnch  gauge,  screened  with  a  |-inch 

sieve .«...   3 

Gravel,  crushed  wbiostone,  or  broken  bricks,  to  a  i-inch 

gauge   a 

Clean,  sharp  river  sand   3 

Portland  cement   i 


To  support  the  longitudinal  sleepers  strips  oi  cement  mortar, 
composed  of  two  parts  of  sand  and  one  part  of  Portland  cement, 
are  laid  on  the  concrete,  i  inch  thick  and  7  inches  wide,  increased 
to  9  inches  wide  at  the  chairs. 

The  longitudinal  sleepers  are  of  red  wooil,  from  Riga,  Mcmel, 
or  St.  Petersburg,  4  inches  wide,  5  inches  deep,  rebatetl  for  the 
60-pound  rad ;  and  ^\  inches  by  54  inches  for  the  34-pound  raiL 
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They  are  at  least  ai  feet  in  length  for  the  strai  j;ht  j)arts ;  and  bent 
or  sawn  to  curves,  in  lengths  of  from  12  feet  to  18  feet.  The 
whole  of  the  timber  is  creosoted  to  the  extent  of  10  pounds  of 
creosote  per  cubic  foot.  The  ends  of  the  sleepers  are  square- 
jointed,  and  rest  on  cast-iron  chairs,  6  inches  lon  jf,  placed  at  inter- 
vals of  from  4  feet  to  5  feet.  The  chairs  arc  nailed  to  the  sleepers 
with  |-inch  chair  nails,  2^^  inches  long,  having  chisel  ])oints  and 
cup  heads.  Transverse  tie-rods  of  wrought  iron,  2  inches  by  \  inch 
thick,  are  dovetaihd  into  the  chairs. 

The  rails  are  of  wrought  iron  ;  the  lighter  and  heavier  rails 
weigh  respectively  34  lbs.  and  60  lbs.  per  yard.  They  are  rolled  in 
lengths  of  21  feet,  except  5  per  cent,  of  the  total  number,  which 
may  be  of  shorter  lengths,  but  not  less  than  12  feet  long.  The 
60-Ib.  rails  have  a  width  of  4  inches  and  a  thickness  of  ij  inches; 
they  are  2 }  inches  deej)  over  the  flanges,  these  being  i  \  inches 
deep,  and  nveraging  \  inch  thick.  The  groove  is  i  iV  inches  wide 
and  \  inch  deep,  made  with  a  flat  floor,  similarly  to  the  Vale  of 
Clyde  and  the  Glasgow  rails.  The  rolling  surface  of  the  rail  i.s 
13  inches  wide ;  the  outer  flange  is  If  inch  wide,  and  corrugated 
at  the  upper  surfaces.  The  3401b.  rail  is  3  A  inches  wide,  and  i  inch 
thick  :  the  groove  is  |  inch  deep,  and  the  tliickness  of  metal  under 
the  groove  is  |  inch.  The  total  depth  of  the  rail  is  \\%  inches. 
The  rails  are  fixed  to  the  sleepers  by  side  fastenings  or  staples  of 
Lowmoor  iron»  as  shown,  of  which  there  are  2 1  for  each  2z  feet  rail. 

The  points  and  crossings  are  of  chilled  cast  iron,  s  inches  thick, 
corrugated  in  correspondence  with  the  rail. 

The  new  pavement  consists  of  Pitrodi*?  whinstone  sets,  from 
5  inches  to  4  inches  thick,  7  inches  deep,  and  from  6  indies  to 
II  inches  in  length,  with  a  granite  margin  averaging  6  inches  wide, 
on  each  side  of  the  rails,  for  the  entice  length  of  the  tramway.  Old 
paving  sets,  when  re-dressed,  were  not  to  exceed  4^^  inches  in 
thickness,  and  were  not  to  be  less  than  6^  inches  in  depth.  The 
pavement  was  set  on  a  2 -inch  bed  of  coarse  Earn  sand,  and  laid 
"  hard  to  hard  " ;  it  stands,  as  finished,  \  inch  above  the  level  ot 
the  rails,  leaving  a  residual  thickness  of  \  inch  of  sand.  The 
gnished  surface  slopes  on  each  side  of  the  centre  line  of  the 

p 
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tramway  at  the  rate  of  at  least  \  inch  per  foot  horizontally.  The 
pavement  is  grouted  with  a  composition  of  i  part  of  ground 
Charleston  lime,  slaked,  and  2  parts  of  sharp  sand;  and  the 
8iir£Eu:e  is  blinded  with  a  layer  of  coarse  river  sand. 

The  works  were  maintained  by  tlie  contractor  for  twelve  months 
after  being  opened  for  traffic ;  except  the  rails,  which  were  main- 
tained good  for  two  years. 

Payments  were  made  monthly  on  the  work  done,  10  per  cent 
being  reserved  as  security,  i^ths  of  which  was  paid  at  the  end  ot 
twelve  months,  and  iVths  tiv  o  years  after  completion. 

The  works  were  constructed  according  to  the  annexed  schedule 
of  prices 


DUNU££  SXKEET  TRAMWAYS. 


SCH£DULr.  o 


I  Prices,  1887. 
d. 


o  o  6  per  square  ymid. 


010 


2 
2 
I 


6  per  cubic  yard. 
6 

o  per  square  yard. 


Lifting  and  laying  aside  road  metal,  in« 

eluding  sets  in  crossings 

Lifting,  laying  aside,  and  redressinj;  old 
sets  

Excavation  deposited  in  tlie  pool  at  Mag- 
dalen Green,  including  dressing  surface 
for  concrete    •  o 

Portland  cement  concrete,  6  inches  thick  i 

Ditto  mortar,  i  inch  thick  .      .      .      .  o 

Longitudinal  sleepers  of  red  wood  (Baltic) 
4  inches  by  5  inchc?  in  21 -foot  lengths, 
checked  for  rails,  tlsh-plates,  nuts  and 
chairs,  charged  with  creosote  and  bed- 
ded— one  sleeper    .       ,       .       .       .  o 

Ditto  in  lengths  of  from  18  feet  to  12  feet, 
6x5  inches,  cut  to  radius,  and  pre- 
pared as  above  

Cast-iron  chairs,  weighing  zi  lbs.  each, 
bedded   

Wrought-iton  tish-plates,  2"3  lbs.  each, 
punched  iot  bolts  

Wrought-iron  tie  rods,  11*2  lbs.  each 

Wiought-iron'staples  for  side  fastening  . 

Iron  rails,  60  lbs.  per  yard,  punched  for 
side  fastenings,  secured  to  sleepers 

(;£9  1^8.  per  ton)  o  5  3  per  lineal  yard 


I    6  per  liuea.!  yard. 


020 


*> 


070  percwt. 


o 
o 

0 


12 
12 

»7 


6 
6 
6 


»> 
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Dundee  Street  Tkamways  {coniintudj. 

Iron  rails.  34  lbs.  per  yaid*  prepared  as 
above  G^ia  7s.  per  ton)        .  .  o  3  9  per  lineal  yard. 

Iron  rails  at  crossing-s  and  curves*  bent  to 
the  required  radii  all  together        •  ,050 

Cast-iion  points  and  crossings,  secured  to 
sleepers,  including  patterns  •      .      .    1  10  o    per  cwt. 

Paving  with  whinstone  sets,  from  Pitrodie 
qoany,  bedded  on  sand       .     •     .09  o  per  square  yard. 

Ditto  with  redressed  sets,  bedded  on  sand  010 

Groutins:;' joints  of  pavement     .       •  .006 

Blinding  pavement  with  .sand    .       .  .OCX 

Adjusting  and  reinstating  macadamised 
roads  and  crossings,  alongside  the  tram* 
wa3rs,  between  paved  maigins  and  chan- 
nels, with  the  old  materials   .     •     .003  per  lineal  yard. 

Maintenance  of  work  for  twelve  months  for 
each  of  the  three  sections     .     .     .  20  o  o 


Cost  for  100  Yards*  Single  Line,  with  60  La  Rail,  1877. 


Woi  k  aod  roatorialt. 

1  QiuutttUes. 

Amounti. 

Lifting  and  laying  aside  load 

Square  yd*. 

£ 

d. 

d. 

metal  •      .      .      .  . 

283 
Cubic  yds. 

0 

0 

6 

7 

I 

6 

Excavation  in  road  metal 

87 

0 

2 

6 

ID 

17 

6 

Concrete      .      .      .  • 

I 

2 

6 

52 

17 

6 

Cement  mortar    •     .  . 

Sqoan  yds. 

34 

0 

1 

0 

I 

14 

0 

Longitudinal  sleepers  . 

Lineal  yds. 

200 

0 

I 

6 

IS 

0 

0 

CwU. 

Out*iron  chairs  • 

»3 

0 

7 

0 

4 

II 

0 

Tie-rods  .... 

6-6 

0 

12 

6 

4 

2 

6 

Staples  ..... 

2 

0 

>7 

6 

1 

15 

0 

Ciuiir  nails  .... 

V*, 

0 

'7 

6 

0 

2 

I  r 

I  ardi. 

Rails,  60  lbs.  per  yard  . 

200 

0 

5 

3 

52 

10 

0 

Cwts. 

Fishplates  •     •     •  . 

06 

0 

12 

6 

0 

7 

6 

Whmstonesets 

Square  yds. 

]6i 

0 

9 

0 

?2 

9 

0 

Granite  sets  (margins)  . 

100 

0 

«3 

0 

65 

0 

0 

212  COASTKUCTION  OF  TRA,\/n  A  VS. 

The  cost  of  the  way,  exclusive  of  pavement,  amounted  to 
^151  for  100  yards,  equivalent  to  los.  2\<X.  per  lineal  yanl  of 
single  line,  or  to  ^":r.^5o  ])er  lineal  mile.  The  cost  for  pa\  ini;  was 
;£i  7s.  6d.  ])er  lineal  yard,  or  ^2,420  per  mile.  For  way  and  pas  ing 
together,  the  cost  is  ^5,078  per  mile,  single  line,  or  /{T10.156  per 
mile,  flouble  line,  lint,  with  certain  comj)ensations.  to_;ether  with 
the  using  uj)  of  such  old  paving  stones  as  were  servli  eal>]e,  the 
total  cost  was  expected  not  to  exceed  /Ti 3,300  for  miles  of 
double  way.  being  at  the  rate  ot  ^9,975  p5-'r  mile. 

liesides  the  lines  above  noticed,  new  lines  h  ive  been  constrticted 
and  opened.  The  line  between  Dundee  and  Lochee,  consisting 
of  I  mile  1,140  yards  of  double  line,  and  i  mile  5  yards  of 
single  line,  making  together  about  2|  miles,  was  constructed  on 
Gowons'  system,  and  completed  in  December,  iv>79.   The  line 

  \   r  .    -  V/r-^ 


Figs.  68  and  69.  Mackieson's  Way,  Dnsdee. — Sleeper.  Scale 

from  the  Post  Ollice  to  Stobswell,  with  a  branch  to  Baxter  Park, 
consisting  of  1.304  yards  of  double  line,  and  1,614  yards  of  single 
line,  together  about  miles,  was  completeil  in  June,  1S80.  The 
Stobswell  line  was  constructed  willi  solid  rolled  girder  rails,  and 
the  branch  to  Baxter  Park,  comprising  S47  yards  as  single  line, 
was  constnicted  on  }.Ir.  William  Mackieson's  system. 

The  rails,  fomied  with  a  lower  dovetail  web,  rest  upon  and  are 
keyed  down  to  long  cast-iron  sleepers,  like  open  framing,  com- 
prising upper  and  lower  horizontal  members  connected  by  upright 
standards  at  intervals. 

The  cast-iron  sleepers,  Figs.  68  and  69,  are  of  great  length — ^3  feet 
II  inches.  They  are  laid  in  line  under  each  rail,  i  inch  apart. 
They  stand  6  inches  high,  and  are  made  with  shallow  ribs  on  the 
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underside  to  give  lateral  hold  on  the  substratum.  Each  sleeper  is 
made  with  four  standards,  placed  at  12  inches  apart,  between 
centres,  to  support  the  rail  bed,  forming  substantially  an  open 
girder,  on  which  the  rail  is  laid.  The  sole  is  ii^  inches  wide,  and 
is  generally  |  inch  thick,  made  with  openings  in  the  space  between 
the  standards;  the  rail  bed  is  3  inches  wide  and  ij^  inches  deep» 
and  the  standards  axe  3  inches  by  i  inch  thick  in  section. 

The  rails.  Fig.  71,  weighing  36  lbs.  per  yard,  are  3  inches  wide, 
comprising  the  tread,  inches  wide,  the  groove  i  ,\,  inches  wide 
at  the  surface,  and  the  guard  flange,  iV  inch  wide.  The  rail  is  itV 
inches  deep  above  the  sleeper,  and  its  total  depth,  comprising 
the  lower  web  or  dovetail,  is  21V  inches.  It  is  keyed  to  the 
sleeper  by  wrought-iron  keys,  which  are  4  inches  long  by  i|  inches 
deep,  and  average  |  inch  in  thickness.  These  are  tapered  la 


FlO,  70.  Mackicson's  Way,  Dundee.       FiG.  "I.  Mack ieson's  Way,  Dandee* 
—Section  of  Sleeper.    Scale  \.  — Section  of  Rail.   Scale  \. 

fluckness,  and  are  driven  into  place  horizontally,  being  introduced 
through  long  slots  cut  through  the  floor  of  the  working  groove  of 
the  rait  With  this  mode  of  fastening,  the  rails  can  be  lifted  when 
required,  without  causing  any  disturbance  of  the  sleepers  or  the 
paving.  The  unoccupied  portions  of  the  slots  are  filled  with 
elastic  British  bitnmen.  The  rails  were  rolled  in  lengths  of  20  feet^ 
24  feet,  and  38  feet 

A  foundation  of  concrete,  in  a  layer  6  inches  deep,  is  laid  for 
the  whole  width  of  the  way,  and  the  outer  paving  pertaining  to  it 
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The  sleepers  are  bedded  in  this  layer,  so  that  the  soles  become 
flush  with  the  upper  surface.  The  concrete  is  composed  of  4  parts 
of  whinstone  metal,  to  a  2-inch  ring-gauge^  2  parts  of  sharp  sand, 
and  X  part  of  Portland  cement  weighing  112  lbs.  per  bushel.  The 
open  spaces  in  the  sleepers^  under  the  rail  bed,  are  packed  with 
fine  cement,  composed  of  i  part  of  Portland  cement,  2  parts  of 
sand,  and  2  parts  of  metal  broken  to  a  i-inch  ring  gauge.  On 
this  bed  a  layer  of  coarse  Earn  sand,  from  i  inch  to  i  inch  thick, 
is  laid,  to  receive  the  paving  sets,  which  are  of  whinstone,  6  inches 
deep.  The  sets  next  the  rails  are  laid  hard  against  them,  bedded 
on  a  layer  of  Portland  cement  and  sand,  in  the  proportion  of  i  to 
2.  The  paving  is  grouted  with  pitch-bitumen,  manufactured  from 
pitch,  coal  tar,  and  creosote  oil,  in  the  proportion  of  80  gallons  of 
tar  and  20  gallons  of  creosote  to  i  ton  of  pitch. 

Quantities  and  Costs  per  Mile,  Sixht  k  Line,  of  MACiafiSON's 
Sysiem^Dundeb  Street  Tramways,  tSSa 

,^    «.    d.  £     s.  d. 

Steel  rails,  36  lbs.  per  yard,  56^  tons     .  ®  9  10   o  536  15  o 

Wtonght-iron  keys,  19^  cwt  160  2570 

Cast*iron  sleepers,  141^  tons  700  990  10  o 

Lifting  and  carting  away  macadanii  532 

cubic  yards  ,,014  34  16  o 

Excavation,  <S:c.,  1,108  cubic  yards       .,,017  87  14  4 

Concrete,  6  inches  thick.  782  cubic  yards     o  14    6  566  19  o 

Laying  tramway,  1,760  Imcal  yards       .  ,,  o    2    2  190  13  4 

Royalty,  ;^75  per  mile  75  o  o 

Total  for  the  way  j{^2  507  i  -  s 


Paving,  «S£C.,  2,836  square  yards  • 
Ditto  on  cement  and  sand  next  n 

1,564  square  yards 
Bitumen,  &c.,  4,400  square  yards  . 

Total  for  paving 

Total  for  way  and  pavin^f  . 


8. 

d. 

£ 

s. 

d. 

.  ®  0 

6 

10 

968 

4 

«  „  0 

7 

0 

54/ 

8 

0 

.  0 

I 

3 

0 

0 

.  . 

• 

7 

4 

•  • 

• 

2 

0 
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CHAPTER  XIV. 

MACRAE  S  SrSIEM.—EDINBURGH  STREET 

TRAMWAYS. 

TiiE  Edinburgh  Street  Tramways,  of  wliich  Mr,  John  Marrac  was 
the  first  engineer,  were  constructed  in  187 1 — 75,  on  the  system  of 
the  flat  groove  rail,  laid  on  longitudinal  sleepers,  on  a  bed  of 
concrete.  The  se\  eral  sections  of  the  line  were  opened  at  various 
dates  from  1871 — 75,  as  follows: — 


OpenoJ. 

Section. 

Double  line. 

Single  line. 

Total  length 
of  streets. 

Oct.,  1871 
Apr.,  1872 

Nov.,  1872 

Dec,  :'^73 
May,  jti75 

Hayroarket  and  Leith 
Powbum  and  New- 

Morningside  and 

Grange  . 
Newhaven  Branch  . 
Portobello  line  . 

mile*  yards 

3  1,200 

I  1,630 

3  880 

1  0  350 
1  0  770 

mile*  yiurds 

0  320 

•  •                •  • 

•  •                •  • 

0  1,270 

miles  yards 

3  1.5^0 

3  8^0 
0  1,620 
3  600 

3  li420 

X3  970 

The  gauge  of  the  way  is  4  feet  8^  inches.  The  way  is  ljud  in 
the  middle  of  the  street.  For  double  lines  of  way  the  lines  are 
9  feet  apait  between  centres,  aud  the  total  width  is  17  feet,  contii- 
bated  thus : — 


For  a  double  line : — 

Distance  apart  of  centre  lines  of  ways 
Two  half-widths  of  gauge  .  . 
Two  roiling  widths  of  rail  (i^  >:  2  =) 
Two  breadths  of  18  inches  of  paving . 


17  o 


Ft.  Ins, 

9  o 

.     4  8| 

o  3i 

.    3  0 
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For  a  single  line  :  — 

Width  of  gau^e  

Two  half-widths  of  rail 

Two  breadths  of  iS  inches  ol  paving  . 


Fr.  In. 

4  8* 

0 

3  o 

8  o 


The  gradients  of  the  Edinburgli  Street  Tramways  are  unusually 
The  gradients  on  Leith  Walk,  which  is  the  waist  section, 
are  as  follows,  commencing  at  the  head  of  the  incline,  on  the  level 
of  Prince's  Street:— 


Gradient* 

I  in  22 

I  ,*  14 

I  M  50 

I  »  24 

1  ,»  20 

I  „  24 

I  ..  23 

I  >*  29 

I  ».  35 

I  M  42 

I  »  52 

I  M  43 

I  M  38 


.  165 
•  43 


1 


J/ 


1 10 

54 
166 
272 

100 
244 

218 

139 


Avetage 


«   X  in  32       Total  length   •  1,870  yards, 

or  I  mile  no  yards. 


The  radius  of  the  curve  on  the  incline  at  the  head  of  Leith 
Walk  is  47  feet  8  inches,  measure<l  to  the  innermost  rail. 
The  indine  on  the  North  Bridge  is  i  in  17  for  a  length  of  184 

yards. 

The  average  inclination  on  the  Portobello  Road  is  i  in  30  for 
1,500  yards.   The  steepest  incline  is  i  in  24  for  200  yards. 

The  following  are  particulars  of  construction  and  cost  of  works 
recently  constntcted  on  the  Portobello  Branch.  The  contract  was 
let  iQ  July,  1874. 

The  contractor  lifted  the  existing  pavement  or  causeway,  and 
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at  those  portions  of  the  street  where  the  causeway  bed  was  bad,  or 
which  was  macadamised,  the  ground  was  excavated  to  a  uniform 
depth,  reckoned  at  about  13*^  inches  below  the  intended  perma- 
nent  surface,  for  a  widUi  of  1 7  feet  for  a  double  line,  and  8  feet 
for  a  single  line.  The  actual  depth  of  excavation  was  less  than 
i3i  inches,  for  the  level  of  the  renewed  roadway  was  raised 
considerably. 

A  firm  bottom  was  provided  for  the  concrete.  The  normal 
thickness  of  the  bed  of  concrete  laid  on  the  bottom  of  the  excava- 
tion was  6  inches;  a  greater  thickness  was  laid  where  it  was 
necessary;  but  where  the  macadam  of  the  existing  macadamised 
roads  was  firm  enough  to  form  a  foundation  for  the  sleeper  and 
the  pavement,  the  sur&ce  was  dressed  and  finished^  when  exca- 
vatedy  to  a  uniform  level,  to  receive  a  thin  coat  of  concrete.  The 
concrete  was  carefully  beaten,  and  the  surface  formed  parallel  to 
the  surfiftoe  of  the  street.  I1ie  composition  was  as  follows 

Measures* 

Best  Arden  lime  a 

Clean  whiostone,  broken  to  a  size  that  will  pass 

through  a  a-hich  ring  4 

^inch  Fisherrow  or  whtnstone  gravel    .      .      .  i 


The  sleepers  are  of  red  Baltic  fir,  from  Riga,  or  of  pitch  pme, 
4  inches  wide  and  5  inches  deep,  rebated  at  the  upper  comers  to 
receive  the  fillets  of  the  rails.  The  joints  of  the  sleepers  rest  in 
cast-iron  chairs,  6  inches  long,  the  soles  of  which  are  let  in  the 
lower  sides  of  the  sleepers  to  present  a  flush  surface  to  the  con- 
crete bed.  The  sleepers  were  creosoted  with  the  best  creosote,  to 
the  extent  of  10  lbs.  per  cubic  foot  of  timber,  under  a  pressure  of 
soo  lbs.  per  square  inch. 

The  sleepers  are  tied  to  gauge,  at  intervals  not  exceeding  6  feet^ 
by  tie-bars  of  wrought  iron,  3  inches  by  \  inch  thick,  kneed 
reversely  at  the  ends,  and  fixed  to  each  sleeper  by  a  ^-inch  bolt, 
nut  and  washer.  The  rails  are  fixed  to  the  sleqiers  by  g -inch  bolts, 
nuts,  and  washer  plates  at  the  lower  side.  The  bolts  are  counter-* 
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sunk,  and  nre  recessed  in  the  )ic:ul  for  a  screw-key.  All  holt 
holes  in  the  wood  were  filled  with  Archangel  tar  at  boiling-point, 
before  the  bolts  were  driven.  1'he  sleepers  are  bedded  on  a  i-incb 
layer  of  lirm  concretei  composed  as  follows : — 


mixed  and  tempered  with  mortar. 

The  rails  are  of  wrought  iron,  rolled  from  large  piles  of  the  best 
puddled  bars,  so  arranged  that  the  lower  portion  of  each  rail  is 
fibrous,  and  the  rolling  surface  and  upper  portion  cf  fine  granular 
iron.  The  weight  is  52  lbs.  per  yard.  The  rail  is  4  inches  wide, 
and  inches  thick,  having  two  fillets  on  the  under  side,  one  at 
each  corner,  3  inch  square.  At  the  upper  side,  the  outer  or  rolling 
surface  is  if  inches  wide,  and  the  groove  is  1^  inches  >vide ;  the 
inner  ledge  is  i  inch  wide,  and  is  deeply  corrugated,  having  18  cor- 
rugations per  lineal  foot  The  depth  of  the  groove  is  }  inch, 
leaving  a  thickness  of  i  inch  under  the  groove.  The  width  of  the 
groove  at  the  bottom  is  H  inch,  and  the  splay  of  the  sides  of  the 
groove  is  the  greater  towards  the  inner  side  of  the  rail.  The 
standard  length  of  the  rail  is  ai  feet,  or  7  yards,  but  a  number  not 
exceeding  5  per  cent  of  the  whole  quantity  might  be  of  less  length, 
in  whole  numbers,  of  eiren  feet,  none  of  them  less  than  12  feet 
long.  The  variation  of  length  allowed  was  \  inch.  The  rails 
are  fixed  to  the  sleepers  by  f-inch  bolts  at  a  feet  centres,  except 
at  each  end,  where  the  rail  is  fixed  by  two  bolts  at  4Hnch  centres, 
of  which  the  extreme  bolt  is  z^^  inches  firom  the  end  of  the  tail. 
The  bolt-holes  are  made  through  the  bottom  of  the  groove,  and 
the  heads  of  the  bolts  when  screwed  home  are  flush  with  the 
bottom  of  the  groove. 

The  ends  of  the  rails  are  connected  by  wiought-iron  fish-plates, 
15  inches  long,  3  inches  wide,  and  |  inch  thick— one  plate  at  each 
junction  let  flush  into  the  sleeper— fixed  by  the  four  bolts  already 
mentioned*  The  holes  in  the  plates  are  formed  oval,  being  |  inch 


Portland  cement 
Fisherrow  gravel 


I 


3 


4 
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wide  and  ,v  inch  long,  to  allow  for  slight  irregularities.    The  weight 
of  a  fish-plate  is  7  lbs. 
The  points  and  crossings  are  of  chilled  cast  iron  or  other 

materials. 

A  thin  layer  of  clean  sharp  sand,  or  \  inch  Fisherrow  or  whin- 
stone  gravel,  may  be  spread  over  the  concrete  as  a  packing  under 
the  stones,  to  make  up  for  inequalities  of  surface.  But  the 
stones  rest  direa  upon  the  concrete  where  the  packing  was  not 
required. 

The  causeway  or  pavement  was  laid  over  all  the  surface  between 
the  rails,  and  for  a  breadth  of  18  inches  upon  each  side,  beyond 
the  outermost  rails.  The  sets  are  3  inches  wide,  7  inches  deep, 
and  of  10  inches  average  length,  except  such  as  are  required  to 
match  the  neighbouring  pavement.  They  are  of  new  granite  or 
of  new  whinstone  rock,  from  Westfield,  Drumbowie,  or  Bamton 
quarries.  They  are  laid  dry,  hard  to  hard,  or  in  contact,  and 
grouted  with  a  mixture  of  equal  parts  of  Portland  cement  and 
^inch  Fisherrow  gravel,  and  finished  with  a  thin  coating  of  fine 
gravel.  For  the  purposes  of  measurement  the  width  of  pave- 
ment for  a  single  line  of  way  is  taken  at  7  feet  4  inches ;  and 
for  a  double  line  15  feet  8  inches,  exclusive  of  the  width  of  the 
rails. 

The  tramway  was  maintained  by  the  contractor  in  good  order 
for  twelve  months  after  the  date  of  completion.  The  mamtfac- 
toier  of  the  rails  was  to  take  back  and  allow  a  deduction  for  any 
rails  failing  within  two  years  from  the  date  of  manufacture.  Pay* 
ments,  sabject  to  deductions  for  penalties  or  damages,  were  to  be 
made  monthly  to  the  extent  of  90  per  cent  of  the  value  of  the 
woik  done.  The  balance  was  to  be  paid  at  the  end  of  six  months 
after  the  date  of  completion. 

The  contract  prices  for  work  done  in  the  constraction  of  the 
Poitobello  section  in  1874 — 75,  were  as  follows,  together  with  the 
schedule  of  prices  for  alterations,  additions,  deductions,  or  extra 
work:^ 
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Edinburgh  Street  Tramways— Cost  for  the  Construction 
OF  the  Portobello  Section*  1874—75. 

From  end  of  existing  lines  to  East  end  0/  Waterloo  Place. 

^   s.  a. 

Lifting  and  laying  aside  present  causeway,  dress- 
ing surface  of  same;  providin;;^  laying 
bed  of  concrete ;  all  maieriaU  for  permanent 
way ;  new  granite  causeway  blocks,  grouted  with 
cement,  and  coated  with  fine  gravel,  and  finish' 
ing  tramways  complete*  as  si>ecified — 
Double  line*  37  lineal  yards  .      .      .      %  £^  t62  o  o 

Single  line,  f  30     „  ...       „  390  0  o 


From  East  end  of  IVatcrloo  Ptacc  to  Portobello, 

Excavatingmacadam.anddressintjf  surface  of  same, 

providintr  '"^nd  laying  bottom  bed  of  concrete,  all 

materials  for  permanent  .way ;   new  wlunstone 

eanaeway  Uocks,  grouted  with  cement,  and 

coated  with  fine  gravel,  and  finishing  tramways 

complete,  as  specified — 
Double  line.  633  lineal  yards  .      .      •  @j^5  5s.        3,323   5  0 
Single  line,  5.070  -  ®  £2  12s.  6d.       13,502  15  0 

Providing  and  laying  complete,  points  and  cross- 
ings for  17  single  line  junctions,  including  extra 

for  laying  permanent  way    .      .      .     @  £zo  340  0  0 

Restoring  gas  and  water  pipes  interfered  with,  or 

other  works  injured,  and  lighting,  watching,  and 

temporary  fencing  

Preparing  estimates,  schedules  of  prices,  &c.,  ^  i 

percent.   175  0  o 

Total  cost  *7»^99   ^  ^ 

Maintaining  the  whole  of  the  works  for  twelve 
months  after  hdng  opened  for  traffic  .      .      .         250  o  0 

Tots!  cost,  including  one  year's  maintenance    ;^i7,949  0  0 
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Edinburgh  Street  Tramways  {fmtHnuei). 

The  costs,  not  including  points  and  crossings,  may 
be  abstracted  as  follows — 

660  yards  of  double  line  .      .    3,485   5  o  or  9,994  per  mile. 

5.300  „    of  single    „     .      .   13,698  15  o    „  4,657 


5,860  (3*33  miles)  .  .  17,184  00..  5,160 
6*520  »»    )  equivalent  length  of  single 

line,  cost     •      .      .  4.644 


It 


Schedule  of  Prices. 

^  f.  d. 

Excavaling^  macadam  to  the  depth  re- 
quired for  causeway  and  concrete,  and 

■  dressing  surface  .      .      .    •  .      .02   o  per  square  yard. 

Excavatine  the  depth  required  for  con* 
Crete,  where  present  causeway  is  to  be  - 
lifted  010 

Dressing"  and  clearing  surface  of  concrete  . 
where  the  cm  sting  concrete  bed  is 
allowed  to  remain  010 

Providing  and  laying  new  bottom  bed  of 
lime  concrete,  6  inches  thick,  as  speci« 
fied  0 

Do.,  do.,  substituting  cement  for  Arden  . 
lime     .......  O 

Frovidinj^  and  layini;  fine  bed  of  cement 
concrete,  from  2  to  3  inches  thick,  as 
specified  to  be  under  sleepers      .      .  0 

Do.,  do.,  ftttbstituting  Arden  lime  for 
cement  00 

Cement  grouting^  as  specified  .      .  .01 

Grouting-  w  ith  Arden  lime       .  .01 

Lifting  and  laying  aside  present  cause- 
way blocks  010 

Lifting  present  causeway  blocks,  dressing 
and  relaying  them,  including  grouting 
with  cement,  and  coating  of  fine  gravel 
as  specified  060 


30  li 

♦ 

36 

I   o  per  lineal  yard. 


9 

6  per  square  yard. 
3 

o  „ 
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ScHBDULB  OF  Fricbs  {conitHtied). 

£  Bm 

Providing  and  l.iyingf  new  granite  blocks, 
includingf  grouting  with  cement,  and 

coating  of  fine  gravel  as  speciiied       .     o  ij    o  per  squoxe yard. 
Providing  and  laying  new  whbstone 
blocks,  including  grouting  with  cement 
and  coatiog  of  fine  gravel  as  specified  .0120  ,» 

Wrought-iron  tram  way  rails  as  specified.    10  o   o  per  ton. 

Cast-iron  chairs  for  ends  of  sleepers       •     076  percwt* 
Bar-iron  tie-rods,  2  x  £  inch  .      .  .0140 
Bolts  and  nuts  for  fixing  rails  to  bleepers     003   per  lb* 
Ordinary  bolts  and  nuts  .       .       .  .003^,, 

Fish*p1ates     •  o  14  o  percwt 

Longitudinal  sleepers  as  specified  •      .006  per  lineal  foot. 

Providing,  laying,  and  fixing  complete, 
rails,  sleepers,  chairs,  tie-rods,  boltSy 

&c.,  as  specified,  single  line       •      .10  0       »  yard. 

Do.,  do.,  but  assuming  rails  to  be  pro- 
vided by  the  Company  .       .       .       .     o  10  O 

Providiog  and  laying  chilled  cast-iron 
point  rails  500  each. 

Do.,  do.,  with  moveable  point .  .600,, 

Do.,  do.,  crossings  5  O  O  „ 

Extra  price  for  laying  in  junctions  from 
crossinfj  to  point,  single  line      .      .03  6  per  lineal  yard 

Do.,  do.,  ci  i  ss  over  roads,  from  point  to 

point,  iuiiiic  liue  .      •      .      •       .     0   3    0  „ 
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Qdamtitibs  per  Mile,  Single  Line,  8  vbet  wide,  and 
Costs  as  per  Schedule  Rates. 


WwkaadSbtcrialt. 


QttMtitiei.  I 


Rate. 


Excavating  macadam  and 
dressing  surface  of  same 

Concrete  bed,  6  inches 
thick  . 

Rails,  52  lbs.  per  yard 
Bolts  and  nuts  for  rails 
Tie- rods  . 
Bolu  and  nuts  for  tie*rods 
Chairs     .       .  . 
Fish-plates 

Sleepers  •      •  • 

Cement  for  sleepers 

Wiiinstone  causeway  and 
grouting 


•qnan  yards. 

4.693 

4*693 
tons  cwks.  Ib«. 

80  o  o 

3 
0 

7 

12 

lineal  feet 
10,560 
iincal  yards 

3.520_, 
•qiHireyaraa 

4,520 


5 

7 
o 

2 

I 


o 
o 
o 

o 
o 


28. 

3*- 

£\o  per  ton 
3d.  per  lb. 

per  ton 
3^.  per  lb. 
rs.  6d.  ]»cr  rnt. 
14$.  per  cwt. 

IS. 


I2S. 


Total  cost  per  mile 


single  line 


Anenat. 


s. 

d. 

A 
0 

V 

703 

0 

820 

0 

0 

144 

4 

0 

98 

0 

0 

II 

S 

6 

19 

'\ 

6 

22 

0 

364 

0 

0 

176 

0 

0 

2,712 

0 

0 

S.441 

3 

2 

The  amount  of  cost  per  mile,  thus  estimated  from  the  schedule 
rates,  is  greater  than  the  actual  amount  per  mile,  already  stated, 
according  to  the  contract.  The  ditTerence  is  accounted  for,  partly 
by  the  fact  of  a  reduction  having  heen  made  on  ihc  amount  first 
made  out ;  and  partly  by  the  raising  of  the  level  of  the  road  when 
the  tramway  was  laid,  as  a  consequence  of  which  the  depth  and 
quaiuiLy  of  the  excavation,  as  well  as  those  of  the  foundation  of 
concrete,  was  generally  less  than  the  normal  amounts  as  specified. 

The  renewal  of  the  original  ways  was  commenced  in  1879,  when 
Mr.  Macrae  substituted  a  solid  steel  girder  rail  on  concrete  for 
the  older  rail,  shown  in  Fig.  72.  The  bed  of  concrete,  laid  for 
the  whole  width,  6  inches  deep,  was  composed  of  5  measures  of 
broken  whinstone,  in  pieces  weighing  from  2  ounces  to  5  ounces, 
3  ifieasures  of  fine  saeeued  Fisherrow  gravel,  and  2  measures  of 
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best  Portland  cement  On  this  bed  is  laid  a  thinner  stratum, 
a  inches  thick,  of  fine  concrete,  composed  of  3  parts  of  whinstone 
or  Fisherrow  gravel,  passed  through  a  2 -inch  sieve,  to  i  part  of 
Portland  cement.  The  rails  were  imbedded  in  this  .stratum  while 
it  was  moist  They  are  of  Bessemer  steel,  weighing  106  lbs.  per 
yard,  8  inches  in  height  The  flange  base  is  7  inches  wide.  The 
width  of  the  tread  is  if  inches,  of  the  groove  i     inches,  and  the 


Fio.  72.  Macrae's  Way,  Edinburgh.  Scale 


guard  flaioge  <V  >nchy  making  together  about  3  inches.  The 
rails  are  fixed  at  the  joints,  and  the  sides  of  each  rail  are  filled  up 
flush  with  fine  concrete.  The  paving,  of  best  granite,  is  7  inches 
deep,  and  fix>m  3  inches  to  3^  inches  wide ;  the  sets  are  laid  on 
the  bed  of  moist  concrete,  "  hard  to  hard,"  and  grouted  with 
bitumen,  or  with  Portland  cement  and  i  inch  Fisherrow  gravel, 
mixed  in  the  proportion  of  i  to  2. 

Quantities  and  Costs  per  Mile,  Single  Line,  of  the 
Girder  Railway,  Macrae's  System— Edinburgh 
Street  Tramways,  1879. 

Lifting  old  causeway  and  carting  it  away, 
4,693  sup.  yards    .■  ®6d.  117  6  6 

Excavating  foundation  for  concrete  bed, 
depth  8  inches,  4,693  sup.  yards  .    „  5d.  97  15  5 

Providing  and  ln\ing-  concrete,  6  inches 

deep,  4,693  sup.  yards  .       .       .       .       2S.  lod.      664  i6  10 

Providing  and  laying  bed  of  moist  con- 
crete, for  bedding  paving  stones  and 
tramway  rails,  2  inches  deep,  4,693  sup. 

yards  „  is.  2d.      273  15  2 

Carried  forward      ;^i|i53  13  n 
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QuAirriTiES  and  Costs  {amHntted), 

Brou^^ht  forward     £i>^Si  '3  " 
Providing  and  laying  new  granite  cause- 
way>  and  grouting  with  bitumen  4,400 

sttp.  yards  %  los.  5d.   2,391  i  j  4 

Rails.  106  lbs.  per  yard,  i66|  tons    .      .      ;^to  1,665  o  o 

Fish-plates,  6  tons  *jf>0  60   o  o 

Bolts  and  nuts,  .}  ton  £20  10   o  o 

Laying  raiU|  1,760  yards  ,  28.  88   o  O 

Total   7  3 


Recently,  a  system  of  pavement,  Figs.  73  and  74  ( Li vesey's  patent), 
has  been  adopted,  in  which  chilled  cast-iron  seti»  alternating  with 
stone  sets  are  laid  alongside  the  rails,  inside  and  outside.  On  this 
system,  the  wear  of  the  siirfiu  c  is  rendered  more  nearly  uniform, 
and  the  tendency  to  wear  intj  ruts  is  successfully  c  otinteractcd. 
The  same  system  has  been  adopted  in  the  Aberdeen  tramways,  in 
which  the  way,  complete,  with  chilled  block  paving,  double  line, 
cost  ^4  6s.  per  iineal  yard.  The  suburban  way,  single  liiM^ 
without  chilled  blocks,  cost  J^t  95.  lod.  per  yard. 
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CHAPTER  XV. 

KJNCAWS  IRON  WAV. 

Mr-  Joseph  Kincaid  secured  his  first  ])itent  in  >farrh,  1S72, 
for  his  system,,  in  the  fonns  illustrated  by  i?igs.  75  to  77;  oi 


Fic.  75.   Kincaid*s  Iron  Way,  as  patented. 


which  Figs.  75  and  76  show  rails  of  the  ordinary  construction  at 
that  period,  siq  rvnrted  at  suitable  distances  apart  upon  supports 
formed  with  a  dat  base,  and  having  an  open  space  in  the  centre. 
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From  the  base^  the  support  for  the  rail  rises,  having  an  open 
ipoce  or  passage  through  it,  in  order  that  the  concrete,  in  which 
the  support  is  embedded,  may  enclose  and  surround  it,  so  tliat 
it  may  be  solidly  embedded  therein.  The  rail  was  fixed  to  the 


Fio.  76.  KincAid't  Iron  Way,  as  patented. 


chair  by  a  vertical  spike  through  the  groove,  driven  into  a  hard- 
wood plug,  which  was  previously  forced  into  a  round  hole  in  the 
tap  of  the  stool  or  support.  As  an  alternative  method  of  attach- 
ment, the  rail  might  be  fixed  to  the  stool  by  side-fasteniDgs 


Fio.  77.   Kincaid's  Iron  Way,  as  patented. 


consisting  of  spikes  driven  through  holes  in  lateral  flanges  of  the 
rail,  made  suftlciently  deep,  into  plugs  embedded  horizontally  in 
the  head  of  the  stool. 

Mr.  Kincaid  showed  also  a  method  of  fixing  rails  of  T  section, 
rig.  77,  consisting  of  an  upper  table,  with  a  vertical  flange  or 
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web,  which  was  let  into  a  slot  in  the  head  of  tlie  Stool  and  fixed 
there  by  a  horizontal  tnj)er  cotter. 

His  first  experiment  was  made  on  the  Headingley  branch  of 
the  Leeds  Tramways,  a  quarter  of  a  mile  in  length,  which  was 
laid  with  the  mil,  47^  lbs.  per  yard,  fixed  to  cast-iron  stools  at 
3-feet  centres. 

In  the  design  of  the  first  portion  of  the  Sheffield  Tramways — 
the  line  to  Attercliffe — which  was  opened  in  October,  on 
his  iron  system,  Mr.  Kincaid  employed  a  rail  weighing  50  lbs.  per 
yard.  It  had  2^  lbs.  per  yard  more  metal  than  the  experimental 
rati  at  Leeds,  and  was  of  a  much  better  section,  having  lateral 
flanges  xi  inches  deep.  Supported  on  cast-iron  bearings  3  feet 
apart,  the  rail  was  found  to  be  sufficiently  strong  and  stiff.  The 
paving,  5  inches  deep,  was  laid  on  a  bed  of  ashes  3  inches  deep^ 
and  was  grouted  with  an  asphalted  composition,  pitch  and  tar. 
In  excavatiog  for  the  work,  the  ground  was  first  removed  to  a 
unifonn  depth  of  8  inches  for  the  whole  width  of  the  way,  and 
holes  were  dug  to  teceive  the  foundations  of  concrete,  and  the 
stools  for  supporting  the  rails.  The  groove  of  the  rail,  it  may 
be  remarked,  was,  by  superior  order,  made  only  i  inch  wide  at 
the  surface.  It  proved  to  be  too  narrow,  and  it  bound  the  car- 
wheels  on  sharp  curves. 

The  Dewsbuiy,  Batley,  and  Burstal  Tramway,  for  which  Mr. 
Malcolm  Paterson  and  Mr.  Gomeraell,  successhrely,  were  engineersi 
constructed  in  1873 — 75,  was  laid  on  Mr.  Kincaid's  system, 
according  to  his  patent  of  1872.  The  total  length  of  the  line 
— ^single  line — is  3*325  miles,  opened  in  sections  successively  as 
follows : — 

Miles. 

Dewsbury  to  Batley  1-325      July  S5tb,  1874. 

Batle/ to  Carlinghow     .      .      i  March  25th,  1875. 

Carlinghow  to  BiisUl  .      i  June  23td,  1875. 

3325 

There  were  ten  sidings,  eight  of  which  were  66  yards  long,  and  tv<ro 
were  55  yards  long.   The  line  is  on  an  easy  gradient  of  about  one 
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in  two  hundred,  falling  all  the  way,  with  slight  exceptions,  from 
Birstal  to  Dewsbury. 

The  rails  are  of  ^vruught  iron,  and  weigh  41  lbs.  per  yard. 
They  are  inches  wide  and  2  inches  deep,  and  are  carried  on 
chairs  3  feet  apart  between  centres,  to  which  they  are  secured  by 
vertical  spikes  to  the  bottom  of  the  groove.  The  chairs  were  laid  in 
concrete,  run  in  with  pitch,  and  the  rails  were  parked  underneath 
with  a  concrete  composed  of  small  biuken  stone  and  pitch. 

The  paving  consisted  of  Dalbeattie  granite  sets,  of  which  those 
laid  between  the  rails  were  4-inch  cubes,  and  those  laid  in  the 
18- inch  breadths  outside  were  6  inches  deep.  They  were  grouted 
with  pitch.  The  paving  was  laid  on  a  foundation  consisting  of  a 
3-inch  layer  of  l)roken  stone,  covered  with  a  4-inch  layer  of  ashes. 

The  cost  of  construction  of  the  first  2  J  miles  from  Dewsbnr}', 
through  Batley,  to  Carlm^litnv,  in  a  paved  road,  amounted  to 
_;^4,6oo  per  mile  ;  whilst  the  last  mile,  from  Carlinghow  to  Birstal, 
in  n  TTiacadam  road,  was  construaed  with  paviog  complete  for 

Mr.  Kincaid,  in  his  second  patent,  of  Januar)-,  1S76,  introduced 
several  improvements  in  the  details  of  his  iron  system  of  tramway. 
He  widened  the  body  of  the  stool,  or  chair,  to  the  same  breadth 
as  the  rail,  flush  with  it  vertically,  and  thus  widened  the  bearing 
for  the  rail  by  taking  in  the  flanges,  and  presented  an  e\'en 
surface  as  an  abutment  for  the  paving  sets.  He  employed  a  rail 
like  that  of  the  Dewslniry  line,  hollowed  out  under  the  tread,  and 
formed  the  head  of  the  c  hair  to  fit  into  and  take  a  bearing  in  the 
hollow.  For  the  vertical  plugs  and  spikes  he  substituted  hori- 
zontal plugs  in  the  chairs,  with  staples  as  side  £sistenings  for 
binding  the  rail  to  the  chair. 

One  of  the  later  applications  of  Mr.  Kincattd's  system  of  way  is 
illustrated  by  Figs.  78  and  79,  exhibiting  the  construction  of  the 
Bristol  tramways,  laid  in  1876.  The  Hull  Street  Tramways  were 
constructed  on  the  same  system  in  the  same  year ;  the  Leicester 
tramways  in  1874 ;  also,  the  more  lately  constructed  sections  of 
the  Leeds  tramways  and  the  Sheffield  tramways  in  the  years 
1S76— 77. 
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The  gauge  of  these  lines  is  4  feet  8J  inches.  The  Bristol 
tramways  are  made  in  single  line,  i  mile  1,452  yards  in  length, 
with  maximum  gradients  of  i  in  17.  The  roatlway,  which  was  of 
macadam,  was  excavated  for  a  width  of  8  feet  for  a  uniform  depth 
of  8  inches ;  and  holes  for  the  foundation  of  the  chairs,  3  feet 
apart  between  the  centres,  were  excavated  to  a  depth  of  15  inches 
below  the  surface  of  the  road,  18  inches  wide  and  16  inches  long. 
The  concrete  employed  was  of  the  following  composition : — 

ParU. 

Clean  sharp  gravel  or  broken  stone  to  a  i-inch  ring-gauge  3 

Sand  2 

Fmli  bumed  Aberthaw  Ume  i 

The  holes  were  filled  with  concrete  to  a  total  depth  of  8  inches, 


in  which  the  soles  of  the  chairs  were  embedded  to  a  depth  oi 
3  inches  below  the  upper  surface  of  the  concrete.  Concrete  was 
also  applied  under  each  of  the  rails  for  its  whole  width,  between 
the  chairs,  in  some  measure  affording  bearing  surface,  but 
designedly  to  occupy  the  space  under  the  rail  sad  keep  it  free 
from  water. 

The  rails  were  of  wrought  iron,  rolled  from  a  single  ingot  of  best 
malleable  No.  a  mine  iron,  weighing  43  lbs.  per  yard,  with  a 
margin  of  from  43  lbs.  to  44  lbs.,  in  lengths  of  24  feet ;  except  5  per 
cent  of  the  whole  nnmber,  which  were  to  be  of  shorter  lengths. 
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The  rails  were  3^  mches  wide,  and  inch  thick  under  the  tread 
and  under  the  groove ;  they  are  formed  with  two  Banges,  one  at 
each  side,  21V  inches  deep^  slightly  taper  in  thichness,  Vr  iach 
thick  at  the  lower  edges.  The  tread  of  the  rail  is  i|  inch  wide, 
the  groove  is  if  inches  wide,  and  the  outer  border  is  i  inch  thick 
at  the  edge  and  coirugated.  The  groove  is  taper  in  section  and 
the  slope  mostly  towards  the  outside.  The  tread  of  the  rail  is 
flat,  but  is  slightly  inclined  upwards,  to  the  extent  of  -Ariuch  rise, 
towards  the  centre  of  the  rail.  With  such  a  formation,  the  contact 
of  the  car-wheels  with  the  tread  is  concentrated  at  the  inner 
edge  of  the  tread ;  the  load  is,  in  consequence,  fairly  delivered  on 
the  rail  at  the  middle  of  its  width,  and  undue  twisting  action  or 
deflection  by  side  loading  is  obviated :  a  point  of  special  impor- 
tance for  the  stability  of  a  suspended  rail. 

The  chairs,  of  cast  iron,  have  rectangular  bases,  14  inches  wide, 
IS  inches  long,  and  J  inch  thick,  at  a  level  10  inches  below  the 
surface  of  the  rails.  They  arc,  like  the  rails,  3.1  inches  wide  at  the 
head ;  and  they  give  a  licanny  to  the  rails  of  3]^  inches  at  inter- 
mediate ])oints,  and  7  inches  long  at  the  joints.  They  are  placed 
3  feel  apart  between  centres.  The  rails  are  fastened  to  the  chairs 
by  staples  at  each  side,  made  of  half  round  bar-iron,  best  Staiiord- 
shire,  which  enga^^^  into  holes  punched  in  the  rails,  and  are  driven 
into  hard-wood  plugs,  whu  h  aie  forced  into  holes  at  the  heads  of 
the  chairs.  There  are  two  staples  at  each  end  of  the  rails,  at 
each  side,  to  make  th  _  joints  ;  and,  for  a  24-foot  rail,  there  are 
eleven  staples  at  each  side,  or  twenty-two  in  all.  The  plug  holes 
in  the  <  haiib  are  slightly  taper ;  at  the  larger  enils  they  are 
li  inches  in  diameter  for  the  joint  chairs,  and  xg  inches  inter- 
mediately. 

The  points  and  crossings  are  of  cast  iron,  with  wrought-iron 
tongues.  1  he  upper  surfaces  were  file-dressed.  There  are  tliree 
cast-iron  chairs  to  each  point,  and  two  to  each  crossing. 

All  the  castings  are  of  No.  i  strong  grey  iron. 

The  paving  consists  of  granite  sets,  5  inches  deep,  laid,  for  the 
extreme  width  of  8  feet,  on  a  bed  of  gravel  3  inches  thick,  spread 
on  the  bottom  of  the  excavation.   The  paving  was  grouted  with  a 
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liquid  mortar,  containing  six  parts  of  fine  sand,  to  one  part  of 
firesh  burnt  lime ;  it  was  rammed  before  the  grouting  had  set,  and 
was  again  grouted. 


Actual  Cost  op  the  Bristol  Tramways  (Kincaid's  Way) 

PER  MiLE»  Single  Line,  1876. 

Rolled  iron  railsi  43  lbs.  per  yard,  6S  tons  <9  7  lo  o  510  o  o 

Cast'iron  chairs,  royalty  included,  79  tons      6  12   9  524  7  3 

4,000  wood  plugs,  i>er  i,ooo      ,       .     '  .  »,  4  lO    0  18    o  o 

9,700  wrought-iron  staples,  each  .  .,,002  80  16  $ 
Laying  the  way,  including  excavation  and 

concrete,  per  lineal  yard       .      .      .,,070  6 16  00 

Total  cost  of  way      .  '«749  3 

Providing  and  laying  granite  pavement, 
inc  ludinor  gravel  bed  and  grouting,  4,400 

square  yards  .      .      .      .      .      .,,0130  2,640  o  o 


The  work  wis  maintained  in  good  onler  for  six  months  after  it 
was  completed  and  the  line  opened  for  traffic.  Payments  were 
made  monthly,  less  10  per  cent,  which  was  kept  in  reserve  until 
the  contract  was  completed. 


Leicester  Tramways. 

In  addition  to  the  tramways,  4*44  miles  in  length,  constructed 
in  1874,  the  Leicester  Tramways  Company  (October,  1S77)  con- 
tracted for  the  construction  of  5  miles  additional  length  of  tram- 
way, on  Mr.  Kincaid's  system.  The  rails  were  of  Siemens  steel, 
weighing  47  lbs.  per  yard.  The  staples  were  of  Lowmoor  iron. 
The  following  are  particulars  of  the  contract : — 
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Cost  of  New  Line  of  the  Leicester  Tramways  (Kincaid's 
Way)  pek  Mile,  Single  Line. 

RpUed  Siemens'  steel  rails,  47  lbs.  per 

yard.  74  tons,  delivered .  .      .0876  620 

75  tons  Kincaid's  cast-iron  chairs  •  >>  3  iS    6  294 


Lowmoor  iroa  fasteotogs  or  staples  and 

plugs      .......  ..  100 

Five  pairs  of  cast  steel  points  ...  . .  50 

Laying  the  way,  including  excavation  for 
paving,  as  well  as  for  the  way  and  con- 
crete, per  lineal  yard  ,051  450 

Total  cost   1.514 


Providing  and  laying  Leicestershire  granite 
paving,  8  feet  wide,  as  follows :  Sets,  6 
inches  by  4  inches  outside  the  rails,  and 
one  course  next  the  rails  inside  ;  "  Ran- 

don  granite,"  nnt  loss  than  4  inches  deep 
and  4  inches  cube,  over  tlio  rcmaioiog 

surface,  per  lineal  yard,  say  .  .  .,,064  1,300 
Total  cost  for  way  and  paving .      .      .  2,814 

Add,  for  engineering  and  legal  charges  .  186 
Total  per  mile,  single  line  .  3,000 


Salfokd  Corporation  Tramways. 

A  more  recent  development  of  Mr.  Kincaid's  system,  as  exem- 
plified in  the  Salford  Tramways,  lately  constructed  to  the  plans 
of  Mr.  Alfred  M.  Fowler,  the  borough  engineer  and  surveyor,  are 
illustrated  by  Figs.  So,  81,82.  The  tramw  t\  s  consist  of  two  lines,  a 
double  line,  from  Albert  Bridge  to  Pack  Horse  Inn,  i  mile  1,437 
yards  long,  and  a  single  line,  in  Bury  New  Koad,  between  the 
Kensal  Toll  Bar  and  Grove  Inn,  i  mile  479  yards  long.  The 
roadways  were  partly  paved  and  partly  macadamised. 

The  rails  are  laid  to  a  gauge  of  4  feet  8i  inches,  with  an  inter* 
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space  of  4  feet  between  the  two  lines  of  the  double  way.  The 
total  width  for  a  double  way,  including  the  18-inch  breadth  at 
each  side  is  17  feet,  constituted  as  follows:  — 

Ft.  Int. 

4  feet  8i  inches  x  2  =    .       .  .  95 

Interspace  40 

18  inches  x  2  =  30 

Four  half  breadths  of  rail  (1 J  x  4)  =     .  07 

17  o 

For  a  single  line  the  total  width  is  8  feet. 


Fig.  80.    Salford  Corporation  Tramways :  — Kincaid's  system,  arranged 

by  Mr.  A.  M.  Fowler.    Scale  i. 

The  pavement  is  lifted,  or  the  macadam  is  excavated,  for  a 
uniform  depth  of  3  inches,  for  the  whole  width  of  17  feet  for  a 
double  line,  or  for  8  feet  for  a  single  line.  Holes  for  the  founda- 
tions of  the  chairs  are  excavated  at  3  feet  apart  between  centres, 
to  a  depth  of  1 5  inches  below  the  surface,  or  level  of  the  rails ; 
they  are  18  inches  long  and  20  inches  wide  at  the  bottom. 

The  concrete  is  composed  as  follows,  thoroughly  mixed  as 
required,  on  a  wooden  platform,  and  used  fresh : — 
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Qean  sharp  gravel,  broken  stonef  or  macadam,  to 

a  I -inch  ring-g^nu^jc     ......  4 

Best  Portland  cement  i 


The  holes  cxcavatetl  for  the  foundations  of  the  (  hairs  are  filled 
with  concrete  in  which  the  chairs  are  j)ro])erly  bedded  and 
levelled  ;  the  concrete  is  rammed  underneath  and  around  each 
chair.  Kach  block  of  concrete  is  20  inches  by  18  inches,  by 
8  inches  deep,  and  the  underside  of  the  sole  of  the  chair  is  sunk 


Fio.  81.  Salfofd  Corpontion  Tkam- 
waji Flu  of  Chair.  Scale  |. 


Fio.  82.  Salfovd  Coiporatioa  Tram- 
waysSection  of  Kail.  Scale 


to  a  level  of  i|  inches  below  the  upper  side  of  the  block.  The 
space  under  the  rails  between  the  chairs  is  filled  with  concrete,  by 
enclosing  the  space  at  one  side  of  the  rail,  and  ranuning  in  the 
concrete  with  wooden  beaters  from  the  other  side. 

The  chairs  stand  at  a  level  81  inches  below  the  surface  of  the 
rails,  measured  to  the  underskle  of  the  chair.  The  sole  has  an 
average  thickness  of  i  inch,  the  sides  have  a  minimum  thickness 
of  f  inch ;  the  neck  of  the  intermediate  chair  is  3!-  inches  square, 
whilst  the  head,  which  takes  the  rail,  is  slightly  taper,  and  si- 
inches  wide.  The  head  is  flat  on  the  top,  and  receives  the  rail 
with  a  flat  bearing.  The  intermediate  chairs  weigh  about  48  lbs. 
each,  and  the  joint  chairs  68  lbs.  each.  The  plug-holes  in  the 
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heads  of  the  chairs  are  taper,  i  inch  in  diameter  at  the  larger 
end,  filled  with  ash  plugs. 

The  rails,  of  iron,  were  rolled  from  i)iles  composed  of  selected 
]  luldlc  bars,  made  from  refintd  mine  or  pig  iron,  granular  above, 
til)roiis  below,  to  weigh  50  lbs.  per  yard,  and  to  be  rolled  to 
lengths  of  24  feet.    Five  per  cent,  of  the  whole  number  of  rails 
were  rolled  as  shorter  lengths,  not  less  than  12  feet  long.  Rails 
weighing  less  than  50  lbs.  or  more  than  52  lbs.  were  to  be  rejected. 
The  rails  are       inches  wide  and  have  2  ^,  inches  of  total  depth, 
with  a  maximum  thickness  of  if  inches.    The  tread  or  rolling 
surface  is  if  inches  wide;  the  groove  is  1}  inches  wide  and 
f  inch  deep;  and  the  outer  edge  is  I  inch  wide  at  the  surface, 
deeply  corrugated  at  the  rate  of  14  corrugations  per  foot  of  length. 
The  surface  of  the  tread  is  flat  and  inclined,  so  that  at  the  centre 
of  the  rail  it  is  ^  inch  higher  than  at  the  side.    It  is  thus  insured, 
as  V.  IS  remarked  of  Mr.  Kincaid's  Bristol  rail,  that  car-wheels 
should  take  their  bearing  on  the  middle  or  centre  line  of  the  rail. 
In  each  34-foot  rail  18  holes  are  drilled  in  pairs  at  3  feet  dis- 
tances apart,  through  which  the  rails  are  fastened  to  the  chairs  by 
t-inch  fouod  wrong h t  iro n  spikes,  2 1  inches  long  from  the  head, 
taper  for  part  of  their  length.   The  spikes  were  of  the  very  hest 
quality  and  workmanship  capable  of  being  bent  cold  to  form  a 
right  angle  without  fracture  or  flaw.   The  rails  and  chairs  were 
pressed  together  by  means  of  a  screw  clamp  while  the  spikes 
were  being  driven  ;  and  the  spikes  were  in  such  a  position,  near 
the  upper  part  of  the  plug*holes»  and  were  so  driven  that,  by  their 
action,  the  rail  was  brought  well  home  to  the  top  of  the  chair. 
Here  the  staple  usually  employed  has  been  replaced  by  a  direct 
acting  spike,  according  to  one  of  the  forms  described  in  Mr. 
Kincsud*s  patent  of  1876.  The  heads  of  the  spikes  are  i  inch 
thick,  and  they  project  by  so  much  from  the  sides  of  the  chairs, 
which  otherwise,  with  the  rails,  present  flat  abutments  for  the 
paving  sets. 

The  points  are  8  feet  long,  they  are  of  cast  iron,  annealed  cast 
steel,  or  of  Vickers*  foiged  steel.  The  crossings  are  made  by 
cleanly  cutting  ordinary  rails  to  the  required  angles  so  as  to  fit 
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truly  to  the  sides  of  the  rails  of  the  main  road  to  be  crossed.  The 
adjoining  flanges  at  the  junction  are  bolted  together  with  ^-inch 
bolts. 

The  paving  consists  of  granite  sets  6  inches  deep,  laid  on  a  bed 
of  sand  2  inches  thick. 

The  whole  of  the  work  was  maintained  for  twelve  months  after 
completion,  except  the  rails,  which  were  maintained  for  two  years. 

The  cost  of  the  work,  excluding  paving,  was  ^1,925  per  mile, 
single  line. 

Mr.  Kincaid's  later  system  of  way,  Figs.  83  and  84,  lai<l  in 
Bristol,  was  an  advance  upon  his  earlier  practice — providing  a 


Figs.  83  and  84.   Kincaid's  Way,  Bristol.    Scale  j^- 


wide  foundation  of  concrete,  and  chairs  and  sleepers  with  a  long 
base.  This  system,  as  here  shown,  was  laid  for  lengths  of  a  mile 
and  a  half,  taken  together,  on  the  more  lately  constructed  part  of 
the  Hotwells  line,  opened  June  24,  1880;  the  Bedminster  line, 
opened  November  17,  1880;  and  the  Horfield  line,  opened  a  day 
later,  on  the  18th.  The  other  portions  of  these  lines  wcfe  laid 
on  the  same  construction,  except  that  the  baoes  of  the  chain  were 
only  14  inches  long  and     inches  wide. 

The  rail  of  the  newer  ways.  Fig.  85,  is  of  steel,  weighing  50  lbs. 
per  yard,  formed  with  a  central  web  and  inclined  flanks,  to  take  a 
wedge-like  bearing  on  tlie  chairs.   The  groove  is  only  i  inch  wide 
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at  the  surface,  the  tread  is  1 1  inches  wide,  and  the  guard  flange 
S  inch  wide,  making  together  a  width  of  3^  inches.  The  total 
depth  of  the  rail  is  3  J  inches,  and  the  web  is  J  inch  thick  at  the 
origin,  tapering  to  J  inch  thick  at  the  lower  edge. 

The  chairs  are  of  cast  iron,  of  which  the  joint  chairs  weigh 
76  lbs.  each,  and  the  intermediate  chairs  64  lbs.  each.  They  are 
7i  inches  in  height,  and  have  a  flat  Ixise  10  inches  wide  by 

2  feet  10  inches  long.    They  are  jjlaced  at  distances  apart  of 

3  feet  from  centre  to  centre,  and  are  therefore  only  2  inches 
clear  of  each  other  in  line,  making  a  bearing  on  the  foundation 
practically  continuous.  They  are  gathered  up  in  the  body  of  the 
intermediate  sleepers  to  a  head 

3 1  inches  long — the  length  of 
bearing  for  the  rail — and  3^  inches 
wide,  the  same  as  the  width  of 
the  rail,  presenting  two  flat  ver- 
tical flanks  to  the  paving  stones. 
The  heads  of  the  joint-chairs  are 
six  inches  in  length.  The  rails 
are  fastened  to  the  sleepers  by 
means  of  iron  cotters  passed 
through  the  web  of  the  rail, 
one  cotter  to  each  intormediate 
sleeper,  and  two  cotters  to  each 
joint-chair,  or  one  to  each  rail, 
with  longitudinal  clearance  in  the  chair  to  allow  for  expansion. 
The  joint-chairs  are  connected  transversely  by  wrought>iron  tte- 
bais,  if  X  f  inch  thick,  passed  through  the  chairs,  and  screwed 
up  with  nuts  at  the  outsides. 

A  continuous  foundation  of  lias-lime  concrete,  6  inches  deep, 
is  piovided,  laid  on  the  floor  of  the  excavation,  at  a  level  is  inches 
below  the  level  of  the  rails,  for  the  whole  width  of  the  way. 
Two  longitudinal  trenches  in  addition  are  excavated,  one  below 
each  rail,  3^  inches  deeper  than  the  general  excavation,  at  a  level 
i4i  inches  below  the  surface  of  the  rails.  .  At  these  trenches  the 
concrete  stands  8>  mches  deep.   Over  the  concrete  a  bed  of 


Fig.  85.   Kincaid>  Way,  Bristol. 
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gravel  is  laid,  i|-  inches  thigk  when  spread^  and  beaten  down  to 
I  inch  when  the  sets  are  rammed.  The  paving  sets,  of  granite, 
are  5  inches  deep  and  4  inches  wide,  and  are  grouted  with  lias 
lime  and  dean  ^arp  sand. 


Quantities  and  Costs  per  Mile,  Sikgle  Line,  of  trs 
KiNCAiD  Way,  Bristol  Tramways.  1880. 

it    s.     d.  £      f.  d. 

Steel  rails,  50  lbs.  per  yard,  78^  tons       .©710   o  588  15  o 

3,520  cait-iroQ  chairs,  103  tons       .      .,,500  515  o  o 

4.000  wrought-iroD  Ic^,     cwt.            .     o  15  o  726 

220  WTOught-inm  tie  rods  .                 .  •«  o  3  6  38  10  a 

Excavation,  1,715  cubic  yards,  includinjj 
carting  away  surplus  material  and  main- 
tenance of  tramway  for  six  months       .,,020  171  10  o 

Lias  lime  concrete,  909  cubic  yards  .       .,,076  340  17  6 

Bed  of  gravel,     inches  thick,  as  spread. 

200  cubic  yards  »>  o  3  o  20  o  o 

Layings  the  way,  including  fencing,  watch- 
ing, and  lighting,  1,760  lineal  yards    .  „  o  z  6  132  o  o 

Total  for  the  way       .       .       .  1,823  ^5  o 

Providing  and  laying  granite  paving  sets, 
including  ramming  and  grouting,  and 
making  good  at  sides  of  paving,  4,400 

square  yards  „  o  10  o    2,200  o  o 

.    ;^4,o23  15  o 

Kimcaid's  Svstem,  Newcastle-upon-Tyne  Tramways,  1878. 

The  first  tramway  in  Newcasilc-upun  Tyne  was  laid  on  Mr. 
Kinraifl's  system,  to  a  gauge  of  4  feet  2>\  inclies,  under  the  direc- 
tion of  Mr.  A.  M.  lYns  Icr,  the  Iwrough  engineer,  similar  to  the 
first  ways  laid  by  him  at  Saltbnl.  The  way  was  laid  early  in  1S7S 
for  a  length  of  five  mile*;,  of  which  about  three  miles  were  of 
double  line  and  the  remainder  of  single  line.  The  rails  weighed 
50  lbs,  per  yard,  and  are  of  the  same  section  as  those  of  the 
Salford  line.  The  cost  of  the  way  per  mile,  single  line,  amounted 
to  ;;£i,54o  per  mile,  in  which  were  included  the  cost  of  every- 
thing except  providing  and  laying  down  pavement 
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Kin'Caid's  Systkm— Salford  Tramways,  1879 — 80. 

When  Mr.  A.  M.  Fowler  settled  the  details  of  Mr.  [Kincaid's 
way  for  the  Salford  Tramways,  the  principal  feature  on  which  he 
laid  stress  was  the  direct-acting  spike  for  fastening  the  rail  to  the 
sleepers,  two  of  which  were,  from  opposite  sides,  driven  into  a 
plug  of  ash  in  the  upper  part  of  the  chair  or  stool.    This  fasten- 


( 


Figs.  86  and  87.    Kincii  i's  Way,  Sallord,  as  laid  by  Mr.  Jacob. — 
Rail  and  Chair — Sections.    Scale  J. 

ing  has  been  found,  according  to  the  report  of  Mr.  A.  Jacob,  to 
give  way  by  the  breaking  up  of  the  wooden  plugs  by  the  wedging 
of  the  spikes,  and  their  gradually  becoming  loose.  In  November, 
1879,  Mr.  Jacob  introduced  a  method  of  fastening  in  which  a  pair 
of  soft  iron  cotters  were  substituted  for  the  wood  block  and  the 
spikes,  shown  in  Figs.  86  and  87     The  rails  are  punched  for  the 
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cotters,  and  i><,iuarc  holes  arc  very  truly  formed  in  the  chairs. 
The  lower  cotter  is  inserted  when  the  rail  is  placed  in  position, 
and  the  upper  cotter  is  driven  home,  so  that  the  tail  is  pinched 
tightly  down  to  the  chair.  When  the  cotters  have  been  tightljr 
driven  in,  thdr  ends,  being  of  very  soft  iron,  are  easily  timed 
over,  one  upwards,  the  other  downwards.  A  small  allowance  for 
longitmlinal  jjlay  is  made  in  the  holes,  to  admit  of  free  expan'^ion. 

Under  the  chairs  Mr.  Jacob  laid  a  continuous  bed  of  (  on<  lete. 
under  each  rail  along  the  whole  line,  and  6  inches  deep,  in  \\hi<  h 
tiie  baizes  ol  the  chair  are  embedded.  A  good  support  is  thus 
provided  for  the*  intermediate  paving  next  the  rails.  The  sets 
are  now  supported  by  the  concrete,  on  a  layer  of  cinderSi  for  a 
depth  varying  according  to  the  height  of  the  sets.  In  the  illus- 
trations  5-inch  sets  axe  shown,  resting  on  a  cinder  bed  ik  inches 
thick. 

The  Welsh  sets  fornierly  used  liad  I^.th  laid  ^  im  h  above  the 
Ie\  el  of  the  rails,  to  make  allowance  for  wear.  ISut.  v.\  fact,  they 
dill  not  wear  much  faster  than  tiie  rails ;  so  they  caused  great 
inconvenience  and  gave  rise  to  loud  complaints  of  damage  to 
wheeled  vehicles.  Scoriae  blocks,  made  from  blast  furnace  slag, 
were  substituted  for  the  Welsh  sets,  and  were  laid  next  the  rails, 
and  level  with  them.  They  wear  well  and  evenly,  worn  grooves 
were  obviated,  and  complaints  ceased. 

In  the  Kincaid  way,  recently  constructed  in  Salford.  Fiy^.  S''i  and 
87,  the  rails  were  of  iron,  faced  with  steel  to  take  the  wear,  rolled 
in  lengths  of  24  feet.  The  cost  was  not  much  increased  by  the 
fating,  and  the  duration  of  the  rails  was  expectetl  to  be  nmch 
augmented.  By  measurements  made  in  Salford,  Mr.  Jacob 
ascertained  that  where  the  traflic  on  the  old  rails  had  been  veiy 
heavy,  as  in  New  Bailey  Street,  inch  in  thickness  had  been 
worn  off  the  tread  of  the  rails,  being  at  the  rate  of  '0S5,  ortHrinch 
per  year.  At  this  rate  he  estimated  a  life  of  19  or  20  years  for 
the  rails,  allowing  for  \  inch  of  %ertiral  wear  l>efnre  the  rails 
required  to  be  renewed.  The  rails  were  of  hox  jjatiern,  3^  imhes 
wide  and  2  j  inches  dec]),  wciL;hing  52  lbs.  per  yard.  The  tread 
is  1 J  inches  wide,  the  groo\  e  i    inches,  and  the  guard  tlange 
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\  inch  wide.  The  chairs  were  placed  3  feet  from  centre  to  centre. 
They  are  7!  inches  high,  the  soles  are  14  inches  square,  and  the 
tengUi  of  bearing  for  the  rails  is  3  inches  for  the  intermediate 
chairs,  and  10  inches  for  the  joint  chairs.  The  joint  chairs  weigh 
54}  lbs.  each,  the  intermediate  chairs  45!  lbs.  each.  The  rails  are 
fastened  with  one  pair  of  cotters  to  the  intermediate  chairs,  and  with 
four  pairs,  two  to  each  rail,  to  the  joint  chairs.  The  cotters  were 
I  inch  wide.  The  chairs  were  hollowed,  and  were  solidly  packed 
with  concrete.  They  were  embedded  in  the  concrete,  which  is  laid 
in  two  continuous  lines,  one  under  each  rail,  18  inches  wide 
and  6  inches  deep.  Next  comes  a  i-inch  layer  of  sand,  and 
5-inch  paving  upon  this,  with  pitch  grouting.  Mr.  Kincaid's  way, 
as  laid  by  Mr.  Jacob  in  the  manner  above  described,  gave,  it 
was  reported,  satisfaction.  The  first  section,  without  the  cotters, 
was  opened  March  18, 1879;  with  the  cotters  complete,  the  next 
section  was  opened  May  12, 1880. 


(^tA-NilTlES    AND    COSTS    OF    TRAMWAYS,    LAIlJ    IN    SAI  1  OKU, 

PER  Mn.E,  Single  Line,  under  Contracts  No.  5  and  6, 


£ 

a. 

d. 

£ 

9. 

d. 

S;cel-faced  iron  rails,  52  lbs.  per  yard, 

81  tans  14  cwt.  I  qr.  .\  lbs. 

8 

5 

0 

674 

2 

10 

Cast-iron  chairs,  ^3  tonbGcwt.  1  qr.  lolbs. 

It 

3 

2 

u 

373 

J/ 

0 

Cotters,  17  cwt.  i  qr.  4  lbs. 

1* 

t 

3 

0 

19 

0 

Excavation  in  trenchesi  587  cubic  yards  . 

»• 

0 

>5 

0 

384 

'5 

0 

Excavating  roadway,  taken  up  6  inches  in 

depth,  for  a  total  width  of  18  inches 

outside  the  rails  

» » 

0 

2 

0 

58 

H 

0 

Laying  single  line,  complete,  1.760  lineal 

0 

0 

II 

80 

13 

4 

i,6j6 

16 

2 

Paving  with  Welsh  cyanite  sets,  including 

cinder  bed  and  pitch  grouting,  4,302 

»» 

0 

12 

0 

2,581 

t6 

0 

4»2i8  12  2 

Note.— The  costs  of  slag  blocks  and  granite  sets  are  nearly  equal. 
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KixcAiD's  System  (as  laid  by  Messrs.  Grover  and  Newton), 

Siockton-on-Tees  and  DisiRiCT  Tramways.  iSSi. 

The  Stockton*on-Tees  Tramways,  4i  miles  in  length,  single 
line,  including  passing*places,  were  (May,  iSSi)  in  course  of 
construction,  to  a  gauge  of  4  feet,  under  the  direction  of  Messrs. 
J.  W.  Grover  and  J.  W.  Newton,  the  engineers  of  the  line. 
They  adopted  the  Kincaid  system  of  way,  in  the  recent  form, 
slightly  modified.  The  rails,  of  Bessemer  steel,  weighed  45  lbs.  per 
yard,  and  were  rolled  in  lengths  of  23  feet,  except  5  per  cent,  of 
shorter  lengths.  They  are,  like  the  Barker  rail,  indented  on  the 
lower  side  of  the  head,  and  formed  with  a  central  web.  The  chairs 
give  a  bearing  6  inches  long,  for  the  sole  of  the  mil,  and  3  inches 
at  the  sides.  The  tails  are  fastened  to  each  chair  by  a  cotter 
of  Lowmoor  iron,  through  the  tail,  transversely.  The  sole  of  each 
chair  is  a  feet  xo^  inches  long,  and  9  inches  wide — ^wide  enough 
to  afford  support  for  the  paving.  The  total  height  of  the  chairs 
is  s\%  inches.  The  chairs  are  inches  apart  at  the  ends,  and  thus 
make  up  a  distance  of  3  feet  apart  between  centres.  But,  at  the 
joints,  die  chairs  are  placed  not  under  the  joint,  but  2  feet  apart 
between  the  centres,  and  are  shorter  accordingly.  The  joint  is  made 
with  iVinch  wrought-iron  fish-plates,  13^-  inches  long,  and  four 
{•inch  bolts  and  nuts,  with  Grover*s  elastic  washers.  The  fish« 
plates  are  about  4  inches  deep,  underlapping  the  rails. 

The  rails  are  i|  inches  wide  at  the  tread,  i  inch  at  the  groove, 
with  a  1-inch  guard  flange;  together  3  inches.  The  groove  is 
S  inch  deep,  the  web  is  i  inch  at  the  lower  edge,  and  the  total 
depth  of  the  rail  is  3H  inches. 

Cross-ties,  of  2-inch  angle-iron,  are  placed  at  9  feet  intervals, 
except  in  curves,  at  6  feet  intervals;  passing  under  and  seizing  the 
chairs  by  means  of  clips,  the  outer  clips  being  riveted  to  the 
angle-irons,  and  the  inner  clips  bolted  to  them. 

The  trench  was  excavated  to  a  depth  of  12  inches  below  the 
surface,  for  a  width  of  about  7  feet  3  inches,  and  was  laid  with  con- 
crete 5^  inches  thick,  consisting  of  i  part  of  Portland  cement  in 
7,  or  one  part  of  lime  in  4.  The  excavated  macadam,  after  having 
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been  screened,  was  niixrtl  with  river  sand,  and  occasionally  with 
burnt  clinkers.  The  sleepers  were  laid  on  this  bed  of  concrete, 
after  which  the  contour  of  the  bottom  was  formed  with  a  thin  laver 
of  tine  concrete,  and  the  '-paces  luider  the  rails  were  fille«l  flush  with 
Portland  cement  concrete.  On  a  i-inch  layer  of  furnace  ashes 
the  paving  sets  are  laid,  (insisting  of  whinstone,  5  inches  deej) 
by  4  inches,  toothing  with  the  macadam  at  each  side.  The  paving 
was  grouted  with  lime  mortar,  and  finished  with  a  coating  of  furtiace 
ashes. 

Quantities  pf  k  Mile,  Singu.  Link,  of  Kixcaiu's  System, 
StocktoN'On-Tees  and  District  Tramways,  x88i. 

Steel  rails,  45  lbs.  per  yard  70I  tons 

Cast-iron  chairs — 920  joiDt  chairs  55  lbs.  each 

2,760  intermediate  do.,  65  lbs.  each 


3,680 

Fish-plates,  920,  ®  7^  lbs.  each  I. 

An^'le-iron  ties,  612,  (5  19^  lbs.  each 
Chps,  i',  n^;  and  rivets,  1,224 
J-inch  l  )oUs  and  nuts,  for  fish-plates 
f-inch  bolts  and  nuts,  fur  clips 

Total  .... 


I02f  „ 

a  „ 
17  cwl. 

5  » 


182  tons  13  GWt. 


Grover's  spring  washers  for  ^-inch  bolts,  1,840 
Do.      da      do.        f     do.  1,224 
Wrought-iron  cotters,  3,680. 
Excavation,  1,450  cubic  yards. 

Lime  concrete,  770  ,, 

Bed  of  sand,  or  furnace  ashes,  1 12  cubic  yards. 
Portland  cement,  or  asphalte.  fiHing  under  the  rails. 
Whinstone  paving,  laid  complete,  3,960  square  yards 
Laying  the  way,  complete^  i  ,760  lineU  yards. 
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CHAPitK  XV i. 

BARKEieS  SFSTEM.~-MANCBESTER  CORPOR- 
ATJON  TRAMWAYS,  1877. 

The  first  contra'^t  f-r  the  Mnnch(.stcT  Corporation  'I'mmways  was 
COm])letc*(l  on  tlie  8lh  ot"  May,  1S77,  anil  opened  on  the  12th  of 
the  same  month.    It  consisted  of  three  sections  as  follows  :-— 

I.  Lower  King  Street,  Bridge  Street;  leading  to  Sahord  and 
Pendleton. 

a.  Deansgate ;  tenninus  in  Manchester. 

3.  Hunt's  Bank.  Bury  New  Road,  to  the  City  boundary; 
leading  to  Higher  Broughton. 

The  total  length  is  2  mile'?,  rompn'sing  half  a  mile  of  double 
way  and  miles  of  single  \va\ .  w  ith  six  passing  places.  The 
maximtim  gradient  on  the  line  is  at  the  rate  of  i  in  40.  After  six 
months  of  working  the  line  in  Jiury  New  Road,  it  was  fouml  that 
it  could  not  be  worked  with  advantage  as  a  single  Une»  and  it  was 
proposed  to  lay  a  second  line  of  tramway  in  that  road  on  Barker's 
system.  The  application  of  this  system  was  to  be  extended  to 
other  lines  under  the  control  of  the  Manchester  Corporation.  The 
system  was  adopted  also  for  the  lines  of  tramway  at  Patricroft,  and 
for  lines  to  Newton  Heath,  Levenshuhne,  Openshaw,  and  other 
places. 

The  Manchester  lines  were  constructed  under  the  suiJenn- 
tendence  of  Mr.  J.  H.  Lynde,  C.E.,  on  the  ^tem  of  iron  way 
shown  in  Figs.  88  and  89^  patented  in  March,  1876,  by  Mr.  Benjamin 
&rker.   The  peculiar  iieatuxes  of  this  system  are  the  longitudinal 
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casNiroa  sleepers,  whidi  afford  a  continuous  bearing  for  the  rail, 
and  for  the  adjoining  paving  sets ;  and  the  grooved  rail,  of  which 
the  lower  surface  is  indented  longitudinally,  and  is  fomied  with  a 
central  flange  or  web.  by  which  it  is  fastened  by  cotters  to  the 
sleeper.  The  sleeper  is,  in  section,  like  the  ordinary  bridge-rail  in 
use  on  railways,  but  it  is  of  larger  dimensions.  It  consists  of  a 
hoUovr  veitical  portion,  3  inches  wide,funuahed  with  a  solid  head, 
fonned  to  fit  and  to  cany  the  laO,  and  two  horisontal  flanges^ 
about  4  or  4^  inches  widei  making  in  all  a  broad  continuous  base 
X  2  inches  in  width.  The  total  height  of  the  combined  sleeper  and 


Fio.  88.   Manchester  Corporation  I  ramway^  : — Section  of  Rail  and 

Sleeper.   Scale  \. 


rail  is  73  inches,  and  the  clear  height  above  the  flange-base  is 
6a  inches,  leavins;  a  J, -inch  spare  for  bedding  untier  the  paving 
sets,  which  arc  0  inches  deep,  and  adjoin  the  raiL  The  sleepers 
are  cast  in  lengths  of  2  feet  114  inches,  and  arc  stiffened  by  two 
transverse  webs  between  the  vertical  fibs.  The  thickness  of  metal 
of  the  sleepers  is  i  inch,  except  for  the  flanges,  whkh  are  made 
I  inch  thick  at  their  roots,  next  the  vertical  ribs,  and  taper  in  thick* 
ness  to  I  inch  at  their  edges ;  except  also  the  head  of  the  sleeper, 
which  is  sufficiently  massed  to  provide  a  solid  bearing  and  attach- 
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ment  for  the  rail,  and  a  vertical  wall  at  each  side,  as  an  abutment 
for  the  stone  sets.  The  castings  were  made  from  remelted  iron, 
containing  at  least  ith  part  of  scraj).  Two  test  bars  were  cast  each 
day  that  any  of  the  castings  were  run,  i  inch  wide.  2  inches  deep, 
and  3  feet  6  inches  long;  one  of  which  was  testeil  edgewise  on 
bearings,  3  feet  apart,  and  was  not  to  break  with  any  weight  less 
Uian  ay  cwt  applied  at  the  middle.  If  the  test-bar  fidled  to  sus- 
tain the  testy  all  work  cast  from  the  same  meldng  was  rejected. 
Each  sleeper,  a  feet  ii|  inches  in  length,  was  to  weigh  not  less 
than  137  lbs.;  or  for  a  length  reckoned  as  3  feet,  at  the  rate 
of  137  lbs.  per  lineal  yard.   The  position  of  the  holes  for  the  keys, 

cast  in  the  sleepers,  was  not  to 
\  ary  more  than  inch  from  the 
given  jjObition. 

The  rails  were  rolled  of 
Bessemer  steel,  3  inches  wide, 
and  weighed  40  lbs.  per  yaid. 
They  were  rolled  in  lengths  of 
18,  21,  and  24  feet.  The  tread 
or  rolling  surface  of  the  rails  is 
I  \  inches  wide,  and  is  rounded 
with  nearly  i  inch  of  rise  ;  the 
groove  is  inches  wide,  and 
\l  inch  deep  below  the  summit 
of  the  tread.  The  side  of  the 
groove  next  the  rail  is  vertical,  the  bottom  of  the  groove  is 
f  indi  wide,  and  the  whole  of  the  taper  of  the  groove  is 
directed  towards  the  ledge.  The  lower  side  of  the  rail  is  longitu- 
dinally indented,  and  is  strongly  formed  with  inclined  flanks,  from 
whi(  !i  the  central  wcl>  deiicnds.  The  web  is  A  inch  thick,  and  the 
total  depth  of  the  rail  amounts  to  3  inches.  The  indentations  of 
the  rail  fit  on  the  coneqjHjnding  wedge-formed  suiiaces  of  the 
head  of  tiie  sleepers;  and  the  rail  is  fastened  to  the  sleqpers  by 
hoiisontal  cotters  of  hard  wrought  iron,  i  inch  by  }  inch,  slight^ 
taper,  which  pass  right  through  the  flange  of  the  rail  and  tiie  head 
of  the  sleeper.  There  is  one  cotter  to  each  sleeper,  except  at  the 


Fio.  89.  Mandiester  Corpoi.i- 
tion  TnuBwavt:— Sectina  of 
Burkei'tRaa.  Scale  f 
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Joints  of  the  rails,  where  there  is  one  cotter  extra  for  eadi  end. 
By  this  method  of  attachment  die  rail  is  secured  by  the  indented 
surfaces  agaiost  lateral  displacement,  whilst  the  chief  function  of 
the  cotter  is  to  hold  it  down  to  the  sleeper. 

It  was  required  that  the  rails  shoultl  be  manufactured  from  a 
mixture  of  the  best  English  hematite  brands  and  spicgeleisen, 
cast  into  ingots  of  sutticient  wt-ight  to  niakt-  one  or  more  rails. 
The  cur\'ed  rails  were  bent,  cold,  in  a  bending  machine  to  the 
requiretl  radii.  Tlie  flanges  of  the  rails  were  punched  for  the 
cotter  boles,  and  the  hdes  were  requiivd  to  be  within  ^  inch  of 
the  proper  position. 

The  way  was  kid  to  a  gauge  of  4  feet  8^  inches,  with  an  inter* 
space  4  feet  wide  between  the  two  lines  of  a  double  way.  The 
new  pavement  is  not  confined  to  the  customary  breadth  of 
18  inches  outside  the  ways,  but  is  in  some  cases  laid  for  the  whole 
width  of  the  carriage  way  to  render  the  whole  of  the  surface 
uniform.  Allowing  for  purjMJses  of  comparison  the  usual  18-inch 
breadths  of  paving  outside  the  ways,  the  total  width  for  a  double 
way  is  made  up  thus 

l-t.  Ids. 

Two  widths  of  gauge,  4  feet  Z\  inches  .      .      •      9  5 

Interspace  40 

Two  breadths  of  18  inches  30 

Four  half*  widths  of  tail  (1 1  inches  X  4)  ...06 

16  It 

The  sleepers  are  not  fiutened  together,  but  are  fastened  ^  inch 
apart  from  end  to  end,  and  make  up  intervals  of  3  feet  for  eadi 
straight  sleeper.  For  sharp  curves  the  sleepcts  are  laid  in  shorter 
segments  18  inches  in  length.  Sleepers  have  been  cast  to  match 
curves  in  some  instances,  but,  it  is  said,  it  was  not  necessaiy  to  pro- 
vide sleepers  of  a  curved  form. 

The  roadway  was  excavated  to  a  uniform  depth  of  about 
8  inches.  The  bottom  of  the  e-xcavation  was  taken  as  the  founda- 
tion for  the  sleepers,  as  the  ground  was  considered  to  be  sufficiently 
consolidated  to  support  the  tramway  with  its  extensive  bearing 
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suffaoe  without  the  assistance  of  special  concrete  foundations.  The 

sleepers  were,  nevertheless,  for  the  puqiose  of  packing*  bedded  on 
a  I'inch  layer  of  rough  mortar.  Before  being  laid  they  were  fillecl 
with  rough  mortar.  The  mortar  was  composed  of  three  parts  of 
ch'nker  and  one  part  of  Ardwick  (hydraulic)  lime,  ground  in  a 

mill. 

The  rails  were  bedded  on  ihe  sleepers  in  gas  tar,  wliich  aids  in 
filling  up  any  chance  vacancies  between  the  sleepers  and  the  rails. 
The  flat  rails,  without  grooves,  wore  only  laid,  as  outer  rails,  at  one 
curve  of  the  way,  having  a  radius  of  32  feet 

The  paving  is  of  granite  sets,  3  inches  wide  and  6  inches  deep, 
laid  on  a  2-inrh  bedding  of  small  gravel  or  old  niaculatu.  The 
joints  were  tilled  in  with  jjea-jrravel,  or  small  granite  ehi])^.  and 
grouted  with  a  boiling  mixture  of  pilch  and  ( reo^ote.  on  the  svstem 
which  has  for  years  been  practised  in  laying  pavement  in  Man* 
Chester.^ 

The  contractors  were  requited  to  repUce  any  sleepers  or  rails 
found  to  be  defective  for  a  period  of  twelve  months  after  die 
work  was  completed.   Payments  were  made  at  intervals  to  the 

extent  of  80  per  cent,  of  the  value  of  the  work  execaite*!  ;  the 
bnlance  was  payable  nt  the  expiration  of  three  months  after  the 
completion  of  the  work. 

In  one  mile,  single  line,  of  Mr.  Barker's  hv.siem  of  tranuvay,  as 
laid  in  Manchester,  there  are  215  tons  of  cast-iron  sleepers  and 
63  tons  of  steel  rails.  Of  the  mortar  bedding  for  the  sleepers 
40  tons  per  mile  was  used.  The  price  of  the  rails,  delivered,  was 
per  ton,  and  that  of  the  sleepers  was  4s.  6d.  per  ton.  The 
mortar  bedding  cost  7s.  6d.  |)er  ton,  delivered  on  the  ground,  Tl« 
toti!  cost  for  materials  and  laltoiir,  to  remove  the  old  paving,  pre- 
pare the  bed  for  the  sleepers  with  a  layer  of  rough  mortar  t  inch 
thic  k,  and  lay  in  the  tramway  complete  (exclusive  of  all  charge  for 
paving),  was  ;;^2,320  per  mile,  single  line.  The  annexed  is  a  cost 
list  comprising  the  items  of  cost  in  a  tabular  form:— 

•  For  an  account  of  the  Manchester  system  of  paving,  sec  Coit' 
structinn  of  Streets  and  Roads^  1877.    (_rosb\'  I^ockvvood  &  Son. 
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Makchistsr  corporation  Tramways,  Barker's  Systbh, 
Cost  pbr  Mile,  Single  Line. 


». 

d. 

& 

d. 

2 1 5  tons  cast-iron  sleepers 

%  5 

4 

6 

1.123 

7 

6 

63  tons  steel  rails,  40  lbs.  per  j'ard  . 

8 

0 

0 

504 

0 

0 

1,760  lineal  yards,  labour,  mortar  bed.  and 

7 

638 

0 

0 

as 

0 

0 

Carting  the  materials  (iron  dnly) 

a9 

13 

6 

Cost  of  way 

2,320 

0 

0 

4.400  square  yards  of  paving 

0 

2,640 

U 

0 

Total 

0 

0 

At  Leeds,  in  1878,  about  4  miles  of  Barker's  tramways  were  laid, 
of  three  different  sections:  1st,  the  section  for  6-inch  paving, 
having  a  rail  of  40  lbs.  per  yard  and  sleepers  of  137  lbs. ;  2nd,  the 
section  for  5-inch  paving,  with  sleepers  of  102  lbs.  and  rails  oi 
34  lbs.  per  yard  ;  3rd,  the  section  for  4-inch  pavings  with  sleepers 
of  90  lbs.  and  steel  rails  of  34  lbs. 

In  the  Barton,  Eccles,  Winton,  and  Monton  district,  at  Patri- 
croft,  near  Mane  hester,  Barker's  system  was,  in  1878,  laid  for  a 
length  of  3i  miles,  with  40-lb.  steel  rails  and  135-lb.  sleepers  for 
6-inch  paving.  The  line  of  tramwa\  <  ost  about  ^4,000  per  mile. 
The  total  cost  for  construction  and  all  incidental  charges  amounted 
to  7,200.  The  tramway  was  leased  to  Messrs.  Turton  and 
Busby. 

At  Wallasey,  near  Liverpool,  a  line  of  about  4  miles  in  length 
was  laid,  in.  1879,  for  4-inch  paving,  with  34-lb.  steel  rails  and 
90-lb.  sleepers.  This  line  was  laid  by  the  engineer  of  the  tramway, 
Mr.  C.  H.  Beloe,  who  states  the  cost  per  mile,  single  line,  as 


follows : — 

Laying  tramway  rails,  concrete,  &C   2,031    6  8 

4-inch  granite  cubes   1,144    o  o 

Paving   608  13  4 


Total     .  .    /3,784  o  o 
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Shaw's  System. — Rusholme,  Manchester,  x88o. 

This  is  a  incul  way,  in  which  tlie  rails  arc  laid  on  chairs  or 
stoolSy  which  are  cast  solid  in  paixs  upon  long  cast-iron  rieepeis. 
The  rails  are  spiked  to  the  stools. 

Mr.  J.  C.  Shaw's  system  ts  here  iUtistnrted,  Figs.  90  and  91,  as 
laid  at  Rusholme.   The  cast-iron  sleepers  are  made  in  lengths  of 


Fig.  90.   Sbaw's  Way,  Rubolme.   Scale  A. 


4  feet,  and  1 1  indies  wide  ai  llie  base,  laid  1  inch  apart  longi- 
tudinally. Each  sleeper  is  formed  with  two  standards  <v  pedestals 
to  cair)'  the  rail,  placed  at  2  feet  6  inches  apart  between  centres, 
or  about  half  the  length  1^  the  sleeper.  The  nuddle  portion  of 
the  sleeper,  between  the  standardSi  is  open,  and  is  bordered  with 


1 

( 

I   J*. 

FtO.  91.   Shaw*!  Way,  Rmliolme.*— Rail  and  Sleeper.  Scale  it. 


two  stiffening.'  tlangcs.  H  u  h  slcxper  weighs  117  lbs.  The  rails, 
of  steel,  weigli  45  lbs.  per  yard,  and  are  of  the  ordinary  box  section, 
3  inches  1  ide,  through  the  side  flanges  of  which  th^  are  spiked  to 
the  standards,  into  which  hardwood  plugs  are  driven  to  receive  Ae 
spikes,  one  spike  from  each  ade,  as  in  Mr.  Ktncaid's  early  fasten- 
ing. To  the  joint  standards  the  end  of  each  rail  is  secured  by  two 
pairs  of  q»kes;  at  the  intermediate  standards  one  pair  of  spikes 
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is  employed.  The  length  of  bearing  of  the  rails  on  the  joint 
standards  is  9  inches,  and  on  the  other  standards  4^  inches.  It 
ts  stated  that  the  rails  have  been  tested  with  a  load  of  7  tons  at  the 
centre  of  a  span  without  any  perceptible  deflection.  The  sleepers 
are  bedded  on  two  continuous  lines  of  concrete,  15  inches  wide  and 
5  inches  deep,  one  under  each  line  of  sleepers.  The  spaces  under 
the  sleepers  are  completely  filled  with  fine  concrete,  which  is 
packed  upon  the  basement  of  concrete  through  the  openings  in  the 
soles  of  the  sleepers,  and  so  bonding  the  sleepers  to  die  beds. 

The  general  level  of  the  floor  of  the  excavation,  excepting  the 
trenches,  is  8  inches  below  the  surface  of  the  ground,  as  the  paving 
sets  are  laid  direct  on  the  subsoil.  The  paving  adjacent  to  the 
rails  is  supported  directly  on  the  base  of  the  sleepers. 

Quantities  and  Costs  of  Shaw*s  Way,  per  Mile 

Single  Line,  1880. 


Rails,  45  lbs.  per  yard,  70  tons 
Sleepers,  70  lbs.  per  yard,  1 10  tons 

(a 

770 

« . 

0 

<\. 
0 

» t 

53- 

577 

10 

0 

Spokes,  14  cwt  

>t 

i8s. 

12 

13 

0 

Wooden  plugs,  6,160    .  . 

f» 

id. 

12 

14 

0 

Concrete,  204  cubic  yards  .... 

1 1 

1 6s.  6d. 

i6d 

16 

0 

Kxcavation,  204  cubic  yards 

»» 

28. 

20 

a 

0 

Surface  excavation,  8  inches  deep,  1,109  cubic 

1 10 

18 

0 

Total  cost  of  way  .... 

1,672 

18 

0 

Paving,  49694  square  yards  i  is.  6d.  2,699  o  o 

Total  cost  of  way  and  paving  .  ^4>37i  o 
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CHAPTER  XVIL 


DOW:!iON'S  IRON  WAV, 


Messrs.  J.  E.  and  A.  Dowson  devued  a  system  of  iron  peimanent 
way,  with  continuous  beaiing,  m  various  fiwnu^  patented  in  i8yi 
and  in  March,  1873.  The  Madias  tiamways,  consisting  of 
II  miles  of  single  line^  to  a  gauge  of  i  metre,  opened  in  1874,  were 


fitting  strips,  by  whidi  they  were  levelled  to  receive  the  rail,  and 
the  fastenings  conasted  of  vertical  bolts  with  countersunk  heads, 
through  the  groove  of  the  rail,  cottered  to  the  sleepers. 

The  rails  were  1  inch  thick  and  3}  inches  wide  ;  they  weighed 
26  lbs.  ])er  yard.  The  sleci)ers  weighed  40  lbs.  per  yard,  as 
laid ;  they  were  2  feet  in  length,  of  a  flanged  form,  4.}  inches 
deej)  and  2  inches  wide.  The  width  of  bearing  surface  on  the 
foundation,  iHiich  was  <^  concrete,  amounted  to  4  inches.  The 
sleepers  were  tied  transversely  with  hook  tie  bars  at  intervals. 


FlO.  92.   Dowsod's  Iron  Way. — 
Madras  TnuDways.  Scale  \. 


constructed  according  to 
one  of  the  fonns  jiatented 
in  1873,  Fig.  92.  The 
rail  was  of  wrought  iron, 
an  oidtnaiy  flat*grooved 
rail  It  was  laid  on  a  series 
of  cast-iron  sleepers,  which 
overlapped  laterally  at  the 
ends,  where  they  were 
bolted  together,  and 
afTordcd  a  continued  bear- 
ing for  the  rail.  The 
sleepers  were  formed  with 
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CHAPTER  XVIII. 


WJNBV  AND  LEVICJtS  SFSTEM. 

NOTTINORAM  AND  DISTRICT  TRAMWAYS,  1878. 

In  December,  1877,  Mr.  I.evick  and  Mr.  F.  C.  VVmby  patented 
the  application  of  a  broad  base  of  iron  plate,  fastened  to  the 
lower  flange  <^  the  girder  rail,  by  means  of  cotter  bolts  and 
cotters,  to  be  laid  on  consolidated  macadam  or  road  material,  in 


Fig.        Wioby  and  Levick's  Way,  Nottingham.  Scale  ^4. 


order  to  make  up  a  sufficient  foundation  without  concrete,  and  to 
give  support  to  the  paxemcnt. 

The  length  of  lines  of  the  Nottingham  aiul  Di^^trit  t  Tramways, 
laid  by  Mr.  T,  F.  M(  Nay,  nn  the  S3>,tcm  of  Messrs.  Winby  and 
Lcvick,  Fig.  93,  by  Messrs.  Riilley  ^Sc  Co.,  of  Newcastle-upon- 
Tyne,  consists  erf  4  mites  346  yards  double  line,  and  a  miles 
1,012  yards  of  single  line;  together  6  miles  1,258  yards,  making 
lo  miles  1,504  yards  of  angle  line.  The  rail,  Fig.  94,  is  of  steel, 
6  inches  deep,  weighing  58  Ibs.  per  yard.  The  width  of  die 
tread  is  i  g  inches,  that  of  the  groove  is  I  inch,  and  the  guard 
flan<;c  is  I  inch  thick,  making  the  total  width  of  the  head 
2,;  iiK  hcs.  The  flange  Iiase  is  3^  inches  wide,  and  tl\e  wel)  is 
I  inch  thick.  The  base  plate  is  of  wrought  iron  1 2  inches  w  ide 
and  \  inch  thick,  in  lengths  of  11  feet  11  inches,  kiid  con- 
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tinuously,  and  so  as  to  break  joint  with  the  rails.  The  rails  ore 
secured  to  the  base-plate  by  f -indi  cotter  bolts  and  cotters,  at 
intervals  of  2  fee^  on  alternate  sides  of  the  rails.  The  gauge  is 
fixed  by  means  of  tie-bars»  \\  inches  deep  and  i  inch  thick,  having 
screwe(i  ends  \  inch  in  diameter,  ami  lock-nuts  through  the  web 
of  the  rails,  placetl  12  fett  a])art.  The  rails  are  in  lengths  of 
24  feet  and  are  fished  with  steel  plates,  16  inches  long,  and  four 
\  inch  bolts  anil  nuts. 
The  contract  for  the  rails,  plates,  and  fastening,  laid  complete, 


Fio.  94*   ^'inbjr  and  Levick's  Way,  NotUngbam.— Kail  and  Baseplate. 

Scale  \. 


was  let  to  Messrs.  Ridley  and  Comijany  at  ^^2,000  per  mile, 
single  line,  indudve  of  the  extra  material  and  labour  for  points 
and  crossings  and  ctuvcs.  The  items  in  detail  are  here  given  as 
stated  by  the  contractors.  In  the  last  two  columns  are  added,  by 
the  author,  the  estimated  net  quantities  and  costs  per  mile,  singte 
line,  exclusive  of  such  extras : — 
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mrnsGHAH  and  Newcastle  tramways,  257 
QuAKTiTiES  AVD  Costs  pbr  Mils,  Simglb  Line,  of  Winby 

AKD  LBVICK'S  SYSTSM.— NOTTINOHAM  AMD  DISTRICT  TRAM* 
WAYS,  1878. 

GroM  Gro«s  Net  Nflt 

cott* 


StMl  nils,  58  lbs. 

per  yard  ^  tons9;^io  icn.     966     91  tons  956 

Wrought-iron  base- 
plates 12  in.  x  J  in.  50   „   „j^8             400      47   „  376 

Fish-plates     .      .  5 

Fish-bolts      .      .  075  „ 

Cotter  •  bolls  and 
cotters.     •  •175 

Tie-bars  .      .     .  175 


150       6   „  120 


1^0-25  1,516     144  1,452- 

Excavation,  4,694  square  yards  .,  is.  6d.          353  355 

I^aying  1,760 lineal  yards       . is.  6d.  132  133 

Total  cost  for  way    .      .  3«ooi  I<9t37 
Paving  by  the  Tramway  Com- 
pany, 4,858  square  yards     .  „  los.  6d.     2.550  2i55o 

Total  for  way  and  paving  •  , .     .   ^4,551  j£4t487 


Newcastle- upon-Tyne,  1879. 

A  length  of  5  miles  6|  chains,  of  Winby  and  Levlck's  way,  was 
laid  in  Newcastle  by  Messrs.  Ridley  and  Co.,  in  1879—80,  to  a 
gauge  of  4  feet  Z\  inches.  Of  this  length,  about  2  miles  was 
double  way  and  3  miles  single  way.  The  rails  weighed  65  lbs.  per 
yaid.  The  base-plates  are  12  inches  wide  and  \  inch  thick.  With 
fish-plates  and  tie-rods  the  gross  weight  of  material,  inclusive  of 
points  and  crossings,  was  181  tons  per  mile^  single  line  j  and  the 
cost,  including  the  charge  for  laying,  amounted  to  £t  4s.  id.  pet. 
yard,  or  £^f\\^  per  mile,  single  line,  paving  not  induded. 
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CHAPTER  XIX. 


WTLSOltS  SrSTEM.'^SOUTffAMPTON  STREET 
TRAMWAFS,  1878. 

Mr.  Edward  Wilson,  the  engineer  of  the  Soutbttaplaii  Street 

Tramways,  on  a  gauge  of  4  feet  8  J  inches,  arranged  an  adap- 
tation of  the  central  wcl)  rail.  Figs.  95  and  96,  with  cast-iron 
chairs,  resembling  in  cross  section  Barker's  sleepers,  laid  on  con- 
crete. The  rails,  Fig.  97,  are  of  Bessemer  steel,  weighing  55  lbs, 
per  yard,  in  luting  lengths  of  a4  feet  The  head  of  die  nil  tl 
if  inches  wide,  the  groove  is     inches  wide  at  Ae  suifkc^  and 


Fios.  95  and  96.  Wilaoo's  Way,  Southampton.  Scale  i^r* 


the  guard-flange,  though  it  is  something  more  massive  than  a 
flange  is  supposed  to  be,  is  i  inch  wide  at  the  smfinBi  nuk- 
ing altogedier  a  widdi  of  3i  inches.  The  depth  of  Uie  mil  is 
inches.  The  flange  is  tapeied  to  -ft  inch  in  thickness  at 
the  lower  e^ge.  The  nil  takes  a  square  beaxing  on  the  chair. 
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The  joint  chairs,  Fig.  98,  weigh  66  lbs.  each,  and  the  intermcr 
diate  chairs  58  lbs.  eadi ;  the  soles  of  all  the  chairs  are  i3  inches 
wide  and  16  inches  long,  and  the  total  height  of  the  chain  is 
5^  inches.  The  length  of  seat  for  the  rails  is  tx  inches  in  the 
joint-chairs  and  8  inches  in  the  others.  The  chairs  are  phioed 
at  3  feet  distance  from  centre  to  centre,  and  are  fiurtened  to  the 
rails  with  two  steel  cotters  intermediately,  and  four  colters  at  the 
joints  ;  the  cotters  are  3  inches  long,  inch  thick  and  taper. 
The  chairs  are  tied  to  gauge  transversely  by  wrought-iron  tic-bars 
\^  inches  deep  by  |  inch  thick ;  these  are  let  into  recesses  cost 


Fio.  97.   Wilson's  Way.  South'        Fio.  98.   WiUon's  Way,  South- 
oofrtMi.— Rad.  Sctlei^.         aiiiplaBJ--SectioB  of  Chair.  Scaled. 


in  the  chairs,  and  being  notched  on  the  lower  ddoi  are  droj^ied 
upon  a  oMR^ponding  elevation  on  tiiebottooi  of  each  lecess,  then 
secured  in  position  by  keys. 

A  txench  8  feet  wide  was  excavated  for  one  line  of  rails,  to  a 
uniform  depth  of  15  inches  for  the  routes  of  heavy  city  traffic,  and 
10  J  inches  for  the  routes  of  light  traffic,  increased  to  1 5  inches  under 
the  rails  for  a  width  of  22  inches  under  each  rail,  foniiing  trenches 
there.  A  bed  of  concrete,  9  inches  deep,  is  laid  in  the  heavy 
routes,  for  the  whole  width,  and  in  the  trenches  only  for  the  light 

s  a 
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routes.  In  the  «;halloircr  portions  of  the  excavation  for  the  light 
routes  the  concrete  is  laid  inches  deep,  making  up  a  flush 
surface  fiv  the  paving.  The  soles  of  the  diain  «n  fek  ftaAk  Inlo 
the  concrete,  and  nnifcmnly  bedded  on  a  thin  layer  of  cement 
The  concrete  is  composed  of  5  parts  of  clean  sharp  gravel, 
or  of  stones  broken  to  a  i-inch  gai^,  2  parts  of  clean  sharp  sand» 
and  I  part  of  Portland  cement,  weighing  not  less  than  zio  lbs; 
per  striked  bushel. 

The  space  between  the  rails  is  closely  filled  with  fine  Portland 
cement  concrete  in  the  proportion  of  4  parts  of  fine  gravel  to 
I  part  of  cement 

A  layer  of  sand,  i  mdh  thick,  was  laid  on  the  concrete  to  bed  die 
paving  sett  The  sets  are  of  granite,  from  3^  inches  to  4  inches 
wide;  those  next  the  rails  are  6  inches  deep,  of  blue  Guernsey 
granite;  the  others  are  5  inches  deep,  of  Welsh  or  Cornish  granite. 
The  paving  was  grouted  with  liquid  mortar  made  with  six  parts  of 
fine  sand  and  one  part  of  lias  limo.  It  was  laid  \  inch  above  the 
level  of  the  rails.   A  portion  of  the  work  is  paved  with  wood. 

QUAMTITIESPEK  \f!T  F,  SINGLE  LiNF.  '^>F  WiLSON'S  WAY,  SOUTH' 

AMPTON  Street  Tramways,  1878. 

Routes  of  Heavy  Cily  Traffic  : — 


Rails,  55  lbs.  per  yard 

86*4  tons. 

Qmuis,  3.070  single,  450  joints  • 

93'»  i» 

3*5 

Keys  and  cotters 

1-6 

Cement  filling  under  rails  . 

Granite  pitching 

•    4,351  square  jnwls. 
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CHAPTER  XX. 

DUGDALK'S  SYSTEM— HUDDERSFIELD  CORPORA' 
TION  TRAMWAYS  (INNER  CIRCLE),  1881. 

The  metal  system,  Fig.  99,  of  Mr.  IL  S.  Dugdale,  the  borough 
surve}'or,  adopted  for  the  original  tramways  of  Huiiilersficld,  com- 
prising 10  miles  of  single  way,  was  laid  to  a  gauge  of  4  feet 
7i  inches,  in  order  that  railway  waggons  might  be  run  over  the 


Fko.  99.  Dngdale*!  Way.  HnddmGdd.  Scale  1^. 


lines  to  the  suburban  distric  ts  of  the  borough.  As  in  the  case 
of  the  Vale  of  Clyde  Tramways,  the  waggons  were  designed  to 
bear  on  their  flanges,  which  take  a  bearing  on  the  floors  of  the 
grooves ;  whilst,  of  coime,  the  tnuncats  xun,  as  usual,  on  the 
treads  of  the  rails.  For  this  douhle  puipose,  the  section  of  the 
rails,  Fig.  100,  was  spedally  designed  to  combine  strength  and 
durability ;  providing  a  sufficient  thickness  of  metal  and  strength 
binder  the  groove,  where  the  principal  load  is  to  be  taken,  and  a 
wedge-form  bearing  surface  to  rest  on  the  sleepers,  chairs,  or 
bearers.  The  groove  is  i  \  inches  wide  at  the  surface,  and  \  inch 
in  depth ;  the  tread  is  inches  wide,  the  guard  flange  \  inch 
wide;  making  tfie  total  width  of  rail  3!  inches.  The  web  is 
\  inch  thidc  at  the  lower  edge,  and  the  total  depth  <tf  the  rail  is 
^  inches.  The  rails  are  of  sled»  wdgUog  43  lbs.  per  jrard,  in 
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lengths  of  12,  15,  18,  22,  27,  and  30  feet,  of  which  70  per  cent, 
are  24  feet  long.  In  the  web  of  each  rail,  sixteen  rectangular  holes 
\  inch  wide  and  \  inch  deep  are  i)unched,  to  receive  the  cotters ; 
two  holes  near  each  end,  to  make  the  joint,  and  the  others  in 
couples,  a  couple  for  each  intermediate  bearer.  The  guard  flange 
is  corrugated,  14  indents  to  the  foot.  The  bearers,  of  cast  iron, 
shown  to  an  enlarged  scale,  Fig.  101,  weighing  80  lbs.  each,  are 
open  or  frame-like ;  and  are  formed  with  a  sole  25  inches  long, 
10  inches  wide,  and  \  inch  thick.  The  body,  or  upper  part,  is 
18  inches  in  length,  and  the  width  of  the  rail  is  3J  inches.  It 
stands  3  inches  high,  and  the  bearing  surface  is  formed  trough- 


Fio.  100.   DugUaJe's  W.ay,  Hud-  Fig.  101.  Ducdale's  W.iy,  Hud- 

dersfield. — Rail.    Scale  \.  dersfield. — Bearer.  Scale  -^i. 


like  to  lodge  the  rail  securely.  The  base  is  hollowed  out,  and  the 
vacuity  opens  into  the  hollow  space  in  the  body.  One  pattern  of 
bearer  is  used  for  the  joints  and  the  intermediate  supports,  and  each 
bearer  is  cast  with  six  cotter  holes.  Eight  bearers  are  laid  for  each 
24  feet  lengths  of  rail,  and  they  are  placed  at  uniform  distances 
apart,  3  feet  between  centres.  The  rails  are  fastened  to  the  joint 
bearers  by  four  cotters,  through  the  four  inner  holes,  two  to  each 
end  of  the  rails ;  and  to  the  intermediate  bearers  by  two  cotters 
passed  through  the  two  extreme  holes.  The  cotters,  or  "  spikes," 
are  of  soft  flat  iron,  \  inch  wide ;  they  are  double,  with  reverse 
taper,  and  are  driven  in  from  opjjosite  sides,  so  as  to  wedge  down 
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the  rail  upon  its  scat.  '•  Softening,"  a  kind  of  tarred  felt,  in  thin 
sheets,  is  placed,  after  having  been  gently  heated,  in  the  grooves 
of  the  bcaicrSf  so  tfiat  all  die  bearing  surfaces  are  covered  with  it» 
before  the  rafls  are  placed,  in  order  to  absorb  vibration. 

The  roadway  was  excavated  to  a  depA  of  6\  inches  below  the 
level  of  the  lailSi  for  the  paving,  and  two  trendies  were  cut,  one 
under  each  rati,  18  inches  wide,  and  13^^  inches  below  the  level  of 
the  rails,  to  receive  the  two  continuous  beds  of  concrete,  7  inches 
deep.  The  concrete  is  composed  of  4  parts  of  clean  sharp 
gravel  or  broken  stone  to  a  i^-inch  ring  gauge,  and  i  part  of 
best  Portland  cement  The  bearers  are  embedded  in  tiie  concrete 
for  a  depdi  of  a^^  inches^  the  open  qMtces  in  the  body  of  the 
bearers  and  between  them  under  the  rails  are  well  packed  with 
concrete,  finished  with  vertical  sides  flush  with  the  sides  of  the 
bearers. 

The  pa\nng  consists  of  granite  sets  6  inches  deep,  from  "Ros- 
sendaie  Valky,  Yorkshire,  bedded  on  a  |-inch  layer  ut  tine  clean 
mill  ashes.  They  arc  racked  with  hne  granite  chippings,  and 
grouted  with  hot  pitch. 


Quantities  and  Costs,  per  Milk,  Single  Way,  of  Dugdalb's 
System,  Huddeksfield  Corporation  Tramways,  1881. 


Be  5  semer  steel  tails,  43  lbs.  per  yard,  67*  1 2 

£ 

1. 

d. 

£  •• 

d. 

tons 

7 

12 

6 

5>«  7 

3 

Cast-iron  bearers,  80  lbs.  each,  12570  tons 

4 

I 

0 

509  2 

10 

Wrought-iron  fastening  spikes,  i  ton 

16  18 

6 

16  18 

6 

Tarred  felt  softening:,  1,760  lineal  yards 

•  t 

0 

0 

i| 

9  »S 

6 

Taking  up  pavement  or  macadam  for  a 

width  of  8  feet,  cutting  two  trenches  for 

ooncrete  foundations,  layiogfoundations. 

rails  and  bearers,  ready  for  paving^,  in- 

cluding cartage  for  all  materiaiii,  1,760 

® 

0 

4 

9 

418  0 

0 

Total  for  way  ... 

1,465  14 

I 

Paving,  6  inches  deep,  8  feet  wide,  com- 

.  plete,  1,760  lineal  yards.     •     •  • 

0  16 

9 

1.474  0 

0 

Total  for  way  and  paving  » 

jC^^m  '4 

I 
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loxstruction  of  tram  hays. 


In  1891—91,  ten  yeais  after  the  fint  contract  was  let  for  tlie 
original  line  above  described,  the  Hiiddersfield  Tramways  were 
reconstructed  and  extended,  with  steel  girder  rails,  weighing  100  lbs. 

per  lineal  yard,  a<;  shown  in  Figs.  102  and  103. 
The  rail  is  7  inc  hes  high,  7  inches  wide  over  the 
flange-bajjc,  with  a  v.-inch  web.  The  base  is  I  inch 
thick  at  the  edges,  i  inch  near  the  web.  The 
guard-fillet  is  |  inch  wide  at  the  surface.  The 
rails  are  laid  to  the  railway  gauge,  4  feet  8|  inches, 
secured  to  gauge  by  wroiight<iron  tie«bars,  9  inches 
by  ^  inch  thick,  fixed  at  from  9  feet  to  12  feel 
apart,  screwetl  for  a  nut  and  a  jam-nut,  J  inch  in 
diameter  at  one  end,  and  notched  at  the  other 
enil  to  lock  with  the  web  of  the  rail.  The  joints 
are  fishetl  witli  two  steel  flanged  fish-pUics  (Dug- 
dale  and  Pogson*s  patent)  I  inch  thick,  24  inches 
long,  and  six  i>inch  bolts  with  sdf-locking  nuts. 
The  joint  is,  in  addition,  strengthened  by  means 
of  a  ^-inch  iron  sole-plate  12  inches  wide,  and 
equal  in  length  to  the  fish-plates,  screwed  to  the 
flanges  of  the  rail  and  fish-plates  with  eight  }-inch 
bolts  and  self-locking  nuts.  The  rails  are  laid  upon 
a  continuous  bed  of  strong  cement  concrete  7  inches 
deep,  8  feet  wide.  The  space  between  the  rails 
Liu  I  /      *i  ^  width  of  18  indies  outside  is  paved  with 

fS  I  ^  granite  sets,  the  outer  edge  of  the  marginal  pave* 
15  11      s    roent  being  serrated  every  two  courses  of  sets. 

The  lengths  of  the  rails  as  manufactured  were 
24  feet,  26  feet,  28  feet,  and  30  feet,  of  which 
90  per  cent,  were  30  feet  long.    The  numlier 
of  24-foot  rails  did  not  exceei!  5  per  cent,  of 
j  the  total  numl)er.    The  .scheme  of  tests  was  as 

follows  '.—  Take  at  least  four  pieces  of  rail  5  feet 
long,  from  each  day's  make,  and  place  tiiem  on  solid  bearings 
3^  feet  apart,  the  ends  ta  be  securely  fixed  and  properly  bedded ; 
to  Mand  the  foUowing  tests ;  zst  By  suspending  a  dead  we^ht 
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of  85  tons  from  the  centre  between  the  bearings;  each  sample 
to  support  this  load  for  half  an  hour  without  exhibiting  a  greater 
deflection  than  -,v  inch,  or  any  permanent  set  exceeding  inch. 
2Dd.  By  a  weight  of  1,120  lbs.  (10  cwt.)  falling  in  proper  guides 
upon  the  centre  of  each  sample  from  a  height  of  20  feet  without 
breakage  of  the  sample.  Each  bolt  was  to  be  of  the  b  B  qualit}-, 
and  to  be  capable  of  itsistiqg  a  tensile  stress  of  18  tons  on  a 
circular  section  i  inch  in  diameter. 


Flo.  103.  Hnddcnfidd  Corporation  Tramways :  Section  of  iUilt  and 

Faateoiogs.  Scale  \, 

Mr.  Dugdale's  most  recent  design  of  way,  above  described,  is 
notable  for  the  elaborate  construction  of  the  fish-joints,  specially 
in  order  to  secure  strength  and  solidity  at  the  junctions.  The  cost 
of  construction  of  the  wajr  was  about  ;^4,ooo  per  mil^  single  line. 


CHAPTER  XXI 


SRUNTOirS  SrSTEM.—CITF  OF  OXFORD  AND 

DISTRICT  TRAMWAYS. 

The  Oxford  Thimways  were  laid  to  a  gauge  of  4  feet,  with  an 
interspace  for  double  ways  of  3  feet  between  the  rails. 
The  rail,  Fig.  104,  was  of  Bessemer  steel,  weighing  67  lbs.  per 


yard,  of  the  Brunei  rail,  or  bridge  rail  section,  4i  inches  high, 
3  inches  wide  at  the  surface,  and  6}  inches  wide  at  the  base,  rolled 
to  the  standard  length  of  18  feet  The  tread  is  inches  wide, 
the  groove  i  inch  wide,  and  the  guard  flange  ^  inch  thick.  The 
sides  are  iV  ii^<^h  thick,  and  the  flange  base  g  inch.  The  tread 
has  a  minimum  depth  of  ^  inch.  The  rails  are  laid  on  cast-iron 
chairs  at  the  joints,  9  inches  long,  and  8^  inches  wid^  consisting 
of  a  flat  plate  |  inch  thick ;  with  raised  edges  between  which  the 
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base  of  the  rail  is  laid,  and  a  central  oblong  stud,  2  V  inches  wide 
and  6  inches  long,  over  which  the  ends  of  the  rails  are  laid,  and 
by  which,  like  a  key,  they  are  kept  in  position,  true  to  each  other. 

The  rails  aie  lidd  and  locked  down  by  a  wrought-iron  fidi- 
plate,  of  Ae  same  length  as  the  chair,  a  inches  wide  and  |  inch 
thick,  ovedapping  the  flange  <^  the  rail,  and  fiutened  by  tiiree 
|>indi  bolts  and  nuts  to  the  chair.  The  nuts  are  Halpin's  lock 
nuts;  a  gauge-tie,  of  bar-iron,  a  inches  by  f  inch,  having  tiie 


Fios,  105  and  106.  Briuttoa't  Way,  Oxford.  Scale 


ends  turned  up  and  passed  into  apertures  cast  in  the  chair,  is 
fastened  to  each  chair  and  its  opposite  neighbour  by  the  middle 
one  of  the  three  bohs  by  wluch  the  fish-plates  are  fixed. 

The  plan  Of  the  way  is  shown  in  Figs,  xos  and  106.  The  ground 
is  excavated  to  a  depth  of,  say,  10  inches  below  the  surface,  for  a 
width  of  7  feet  3  inches  for  single  lines,  and  14}  feet  for  dooUe 
lines.  A  bed  of  concrete  is  laid  on  the  bottom  of  the  excavation 
for  the  whole  width  4^^  inches  deep  ;  except  at  the  rails,  where  it 
is  made  up  to  a  depth  of  6  inches.    The  concrete  consists  of 


I 


ZtS  CONSTRUCTION  OF  TRAMWAYS, 

one  part  of  Pfurthnd  cement,  3^  parts  of  clean  sharp  sand» 
and  5^  parts  of  gravel  cnt  broken  stone.  The  paving  is  of 
granite,  5  inches  deep.  At  each  side  <tf  each  rail,  a  longitudinal 

course  of  sets  is  laid,  specially  fitted  dosely  and  truly,  and  made 
to  bed  evenly  on  the  flanges  of  the  rails.  This  longitudinal 
paving  may,  as  an  nltemative,  be  of  wood,— Norway  pitch  pine. 
The  pavinj?  is  laid  on  a  bed  of  sharp  sand.  The  whole  of  the 
paving,  c.\(cj)t  the  longitudinal  blocks  next  the  rails,  is  to  be 
thoroughly  grouted  with  hquid  mortar,  composed  of  six  parts  of 
sand  to  one  fresh  fias  lime.  Before  the  grout  sets,  the 
paving  is  rammed  evenly  with  wooden  beaters  $  after  whidi  the 
interstices  are  finally  filled  up  with  grout  The  longitudinal 
blocks  are  not  rammed.  At  the  time  of  first  grouting,  above 
noticed,  they  are  to  be  thoroughly  grouted  with  thin  cement 
mortar,  composed  of  six  parts  of  sand  to  one  ])art  of  Portland 
cement,  so  as  to  completely  fill  up  all  the  interstices  below  the 
blocks,  or  between  them  and  the  rail  flanges,  or  the  bed  of 
concrete.  The  joints  between  the  courses  of  the  sets  at  the 
tie-bars  are  filled  with  fine  gravel,  or  fine  stone  chippings,  and 
grouted  with  thm  cement  mortar.  All  spaces  between  the  sides 
of  the  paving  and  macadam  or  the  soil  are  to  be  filled  with  gravel 
and  macadam,  and  thoroughly  rammed  before  the  final  grouting 
of  the  paving. 

QUANTiriKs  I'KR  Mii.i:,  Single  Line,  of  thf  City  of 
Oxford  and  District  Xramwavs,  1881, 


Excavation 

Concrete  .... 
Rails,  67  lbs.  per  yard 

Joint  chairs,  22J  lbs.  each 
Fish-plates,  lbs.  each  . 
Gauge  ties,  9  lbs.  each  • 
Bolts  and  nuts,  \  lb,  each 

Total  weight  of  meta 


1, 1 75  cubic  yards. 
587 

105  tons  6  cwL 

6  tons. 
9  cwt. 

8 

J 13  tons  7  cwt. 
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CHAPTER  XXII 


VIGNOLES^  SYSTEM.—NORTH  LONDON  SUBURBAN' 
TRAMWAYS.—NORTH  STAFFORDSHIRE 

TRAMWAi^. 

Mr.  Henry  Vignoles'  system  was  laid  for  the  North  London 
Suburban  Tramways,  Tottenham  ;  and  for  the  North  Stafford- 
shire Tramways,  Stoke-upon-Trent,  to  a  gauge  of  4  fcetSi^  inches* 
as  illustrated  by  Figs.  107  and  loS.    The  rail  and  chair  are 


shown  in  section,  Fig.  109.  The  rails  are  of  steel,  made  with 
a  central  web,  weighing  42^^  lbs.  per  yard.  The  whole  depth  of  the 
rail  is  5  inches.  The  web  is  |  inch  thick  at  the  lower  edge. 
The  chairs  are  placed  on  cross-sleq[)ei^  at  2  feet  6  inches  apart 
between  centres.  The  joint  chairs  weigh  25  lbs.  each  \  they  give 
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a  bearing  xo  inches  in  depth,  and  are  fastened  with  four  i-inch 
bohs  and  nuts  to  the  sleepers,  and  tiro  bolts  and  nuts  to.the  rails. 
The  intermediate  chairs  weigh  is  lbs.  each ;  they  give  a  bearing 
5  inches  in  length,  and  are  each  fastened  widi  two  bolts  and  nuts 
to  the  sleepers,  and  one  bolt  and  nut  to  the  rails,  A  hearing? 
plate  is  inserted  betM'een  the  rail  and  each  chair,  the  upper  part  of 
which  is  curNcd  to  fit  un<ler  the  head  of  the  rail,  and  the  lower 
part  is  formed  with  a  fillet,  which  fits  under  the  web  of  the  rail. 
The  fiinction  of  this  plate  is  not  obvious,  except  at  the  joints  of 
the  rails,  where  it  acts  as  a  fish.  The  sleepers  are  6  feet  long^ 


Fio.  109.  VI0IoIm*  Way,  Tottenham  and  Stoke.^Uil.  Scale  \, 

4  inches  deep^  la  inches  wide  at  the  joints,  and  7  inches  inter- 
mediately. They  are  bevelled  inwards  from  die  lower  ade.  The 
depth  excavated  is  la^  inches  for  the  whole  widdi.  A  x-indi 

layer  of  fine  gravel  concrete  is  laid  on  the  flow  of  die  trench  ; 
then  a  i-inch  layer  of  sand,  on  which  the  sleepers  are  bedded. 
Around  and  above  the  sleepers  hydraulic  concrete  is  deposited  for 
a  depth  of  5-1  inches,  topped  with  a  i-inch  layer  of  sand  and 
cement,  on  which  a  pa\  ing  of  4-inch  cubes  is  laid. 

Mr.  Vignoles  gives  the  following  estimated  cost  per  mile,  single 
fine:— 
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Quantities  and  Costs  of  Vignot  es'  Way,  per  Mile, 

Single  Line,  1881. 


£ 

1. 

Steel  rails.  42}  lbs.  per  yard,  70  tons  .  • 

—  ^ 

630 

0 

0 

WrmifVit-Iron  fioh-wlatoa.  f%  Ihs.  and  i  IhA. 

0 

0 

115 

0 

0 

Bolts,  nuf s,  and  washers,  5}  lbs.»  and  sf 

10s.  for  eacA  cnaifi  5  tons     •     •  • 

»»A30 

lOO 

o 

0 

Joint  sleepers*  350  

50 

0 

0 

Intennediate  sleepers,  1750      ,      ,  , 

262 

10 

0 

Excavation,  1,760  lineal  yards  . 

„  25. 

176 

0 

0 

Hydraulic  concrete,  900  cubic  yards  . 

»»  8s. 

360 

0 

0 

Layio^^  the  way,  1,760  lineal  yards  . 

M  IS. 

88 

0 

0 

Total  for  the  way,  single  line  . 

ij323  10 

o 

Paving,  4-inch  granite  cubes,  4,550  square 

yards      •      •      •      •    .  •      ■  • 

„  lOS. 

a|275 

0 

0 

Total  for  the  way  and  paving  •  • 

iAfif^  10 

o 
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TRUSWELTS  SFSTEM.—DEWSBUKr,  BATLEY,  AXD 
SIRSTAL  TRAMWAFSIRSTAL  AND 

GOMERSAL  EXTENSION. 

The  system  of  way,  Mr.  Kincald's  earliest  form,  kid  for  the 
original  line  of  the  Dewsbury,  Batley,  and  Birstal  Tramway,  has 
been  described.  The  rails  were  fixed  to  the  chairs  with  vertical 
spikes  driven  into  oak  plugs — a  mode  of  fastening  which  was 


Fro.  no.  Tknswciri  Way,  Bintd.  Scale 


insufficient  for  permanently  retaining  the  rails  under  the  action 
of  the  engines  which  were  there  at  work.  Mr.  George  Tniiwell 
designed  a  system  of  way  having  a  reversible  stetl  rail.  Fig.  no, 
on  cross- sleepers;,  for  the  Birstal  and  Gomersal  Extension,  113 
miles  in  length.  The  rail,  Fig.  in,  weighed  55  lbs.  per  yard, 
and  was  rolled  in  lengths  of  24  feet.  It  was  laid  and  keyed 
with  oak  keys  in  cast-iron  chairs,  placed  3  feet  apart  between 
centres,  of  which  the  joint-chairs  are  61-  inches  tong  at  Ae 
seat  of  the  rail,  and  wdgh  37  lbs.  each ;  and  the  intennediate 
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chairs  are  3  J  inches  loii^%  and  weigh  25  lbs.  each.  The  chairs 
are  laid  on  sleepers  of  Baltic  timber,  7  feet  in  length,  12  inches 
wide  by  4  inches  deep  at  the  joints,  and  8  inches  wide  inter* 
mediately.  The  chairs  are  each  fixed  to  the  sleei)ers  by  two  oak 
tcenailSy  and  two  coach-screws.  The  ground  was  excavated  to  a 
depth  of  16  inches,  for  a  width  of  8  feet,  for  a  single  line.  A  layer 
of  concrete,  5  inches  deep,  was  deposited  on  the  floor  of  the  exca- 
vated space,  on  which  the  sleepers  were  laid,  and  the  space  was 
filled  up  about  the  sleepers  to  a  total  height  of  10  inches,  or  i  inch 
above   the  level  of  the  sleepers.    The  concrete  was  made  of 


2  parts  of  broken  stone  to  a  i  i-iiK  h  ring  gauge,  i  part  of  sand  or 
fine  screened  ashes,  and  i  part  of  blue  lias  lime.  The  rails  are 
3g  indies  high,  and  s|  indies  wid^  oomprisbg  a  tread  if  inches 
wide,  a  i-inch  groove,  and  a  guard  flange  |  mch  thidc  They  are 
hollowed  sufficiendy  at  one  side  to  receive  an  oak  wedge  fiuten- 
ing.  They  stand  2|  inches  clear  above  the  concrete,  and  at  the 
surface  6  inches  above  it,  making  room  for  5-inch  set  paving,  and 
I  inch  of  fine  screened  ashes  for  l)e<lding.  The  paving  sets, 
5  inthes  deep,  are  of  Clee  Hill  granite,  covering  4}  scjuare  yards 
per  ton  of  sets.  The  interstices  are  filled  with  melted  pitch  and 
tar  in  mixture. 
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Quantities   and  Costs  of   ONi.  Milk,  Single  Linf,  of 

TKU. SWELL'S    SVSIEM,    OF     THE     DEW.SBrKV,     BATLEY,  AND 

BiRSTAL  Tramway,  GOMERbAL  Extension,  i88j. 


£ 

s. 

d. 

£ 

s. 

<L 

Steel  rails,  55  lbs.  per  yard,  86  tons  . 

0 

II 

J5 

0 

1,010 

10 

0 

Sleepers*  12  x  4  ins.,  by  7  feet,  220  . 

0 

6 

38 

10 

0 

Do.,      8x4  ins.,  by  7  feet,  1,540. 

•« 

0 

2 

4 

13 

0 

Joint  chairs  with  fastenings,  440 

»- 

0 

2 

2 

47 

13 

4 

I  ntcrmoHiate  chAira  with  {AKt^ninct; 

3,080  

» • 

0 

1 

10 

282 

6 

0 

Oak  keys,  3,520,  per  1,000  . 

It 

2 

JO 

0 

8 

16 

0 

Excavation,  2,086  cubic  yards 

tt 

0 

I 

5 

M7 

^5 

0 

Concrete,  i  ,268  cubic  yards 

tt 

0 

8 

0 

507 

4 

0 

Laying  the  way,  1,760  lineal  yards 

*» 

0 

0 

10 

73 

6 

8 

Watching,  lighting,  and  maintaining 

the  way  for  six  months  . 

75 

0 

0 

Total  for  the  way 

2.370 

14 

0 

Granite  paving  complete,  4,400  square 

»• 

0 

8 

6 

i,8;o 

0 

0 

Total  for  the  way  and  paving  . 

;^4,a40 

M 

0 

NoTK.— There  arc  46A  chairs  per  mile,  single  line;  22  cwts.  of 
coach  screws  per  mile ;  71O40  oak  trenails ;  and  7,040  coach  screws 
per  mile. 


The  way  remains  the  same  as  when  laid.  The  rails  have  not 
yet  (1892)  been  reversed. 
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KERR'S  SrSTEMS, 

First  System  :  Ipswich  TramwavSi  i88ow 

Mr.  John  Kbrr*s  first  system,  Fig.  112,  oonasts  of  a  sotid 
girder  xail  laid  upcm  wrought-iron  sleepers  of  the  section  of  an 
inverted  trough,  bedded  in  concrete.  In  the  Ipswich  tramways  the 
way  is  laid  to  a  gauge  of  3  feet  6  inches.   The  sleepers  are  laid 

longitudinall)-,  ns  in  Figs.  112  and  113. 

The  rails,  of  Bessemer  steel,  weigh  58  lbs.  per  yard,  and  are 

Fig.  112.    Kerr  s  VV.iy,  Ip&wich,  Woolwich.    Scale  r,V- 

rolled  in  lengths  of  24  feet  Thcj  nre  of  girder  form,  3  inches  in 
width  at  tlie  hi^ad.  as  well  as  tlie  flanL^c  l  >asc.  The  tread  of  the 
rail  is  i  i  inrlics  wide,  the  groove  is  1  inch  wide  and  |«  inch  deep, 
and  the  j^'uard  flange  is  ,\  inch  wide  at  the  surface.  The  wet)  is 
ii  inch  thick  near  the  head,  and  ,v  inch  near  the  base.  Tlie  base 
is  \  inch  thick  near  the  edges,  and  is  thickened  up  to  ^  inch  near 
the  web. 

The  test  applied  to  the  rails  was  such  that  they  were  to  submit, 
without  rupture,  to  a  deflection  at  the  rate  of  3  inches  in  a  length 

of  5  feet.    The  deflection  was  to  be  produced  by  one  blow  of  a  tup, 

falling  from  a  height  of  10  feet,  at  least,  on  the  middle  of  the  rail, 
sni)[)Orted  on  be:irings  3  feet  ai>art.  The  rails  were  fished  with 
wTOUght-iron  plates  16  inches  long,  and  four  J-inch  bolts  and 


CONSTRUCTION  OF  TRAMWAYS, 


nuts.  The  holes  in  the  plates  are  |  inch  square ;  the  bolts  have 
round  heads  and  square  nedcs. 
The  sleepers  are  of  i-inch  wnyqght-iion  plates,  moulded  as  an 

inverted  trough  with  indioed  sides,  t\  inches  in  total  height,  and 
1 1 incliLS  in  total  width.  The  sleepers  break  joint  with  the  rails. 
The  rails  arc  fastened  to  the  sleepers  h\  wrought-iron  clips  riveted 
to  these.  The  w'eight  of  tlie  sleepers,  with  clips,  was  36  i  lbs. 
per  yard. 

The  ground  was  excavated  for  the  whole  width  of  the  way, 
induding  paving,  to  a  depth  of  9^  inches  below  the  surface ;  and 


Fio.  1 13.  Ken*t  W«   Ip«wicb,  Woolvkh.^Rail  aad  Sleeper.  Scale  \, 

a  bed  of  concrete  4  inches  deep  was  laid  for  the  whole  width.  The 
hollows  of  the  siegers  are  thoroughly  packed  with  concrete,  the 
uf^  sttiface  of  die  sleepers  being  flush  with  the  concrete.  The 
concrete  is  composed  of  i  part  of  blue  fias  lim^  i  part  of  dean, 

sharp  sand,  and  4  parts  of  Hinch  broken  stone  or  of  clean  gravel. 
On  a  '.-inLh  W^X  of  sand  the  paving  sets,  of  granite,  5  inches  deep, 
are  bedded  and  rammeil  home  level  with  the  rails,  between  the 
rails,  and  for  a  width  of  18  inches  out^ide  the  line  at  each  side. 
The  stones  are  laid  dry  with  interspaces  of  \  to  \  inch  wide,  and 
well  padced  with  dean  x^ebblcs,  from  ji  to  ^  indi  in  diameter,  and 
grouted  flush  with  Pordand  cement.  The  paving  is  covered  with 
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a  layer  of  sharp,  clean  sand.  The  spaces  at  the  side  of  the  rails 
are  likewise  filled  with  jiebbles  and  grouting. 

Subjoined  are  particulars  of  the  (iiianiiiies  per  mile  (single  line, 
Ipswiclj  Tiariiway,  3.3  feet  gauge,  iSSo)  : — 

Bessemer  steel  rails,  58  lbs.  per  yard      .  .      •91  tons. 

Wroaght'tfon  sleepers  and  clips,  36.^  lbs.  per  yard  .      .  57 

Wrottght«iron  fish-plates  *» 

t,        tt  bolts  and  nuts  i  «» 

Excavation,  1,045  cubic  yards. 

Concrete        440  „ 

Granite  fMving,  3^670  aqaare  yards. 


WOULWICH  AN1>  Pl.UMSTKAl*    1' 1 : .  .MW  A V  ,  1881. 

The  maleriali  and  l  onsiruction  ot  tiu-  v;  oohvichand  Plumstead 
Tramway,  3.I  feet  gauge,  under  the  direction  of  the  engineer,  Mr. 
Thomas  Floyd,  are  the  same  as  those  of  the  Ipswich  Traniway» 
with  the  exception  that  in  the  fonner  bituminous  groutbg  was 
employed,  and  Portland  cement  concrete,  6  inches  deep,  was 
laid. 

The  following  jiarticulars  sliow  the  quantities  and  costs  per 
mile  (single  line,  Woolwich  and  I'lum&tead  Tramway,  3^  feet 
gauge,  1881) 

Way  (as  in  the  Ipswich  Tramways),  151 

tons,  1 ,760  lineal  yards      .      .      .      o  15  4 

Excavation,  1,170  cubic  yards  .  .  it  o  3  o 

Portland  cemem  concrete,  600  cubic 
yards   o  15  o 

Cost  of  way  .... 


£    t.  a. 

1,349  6  8 
190  10,  o 

'495  o  o 
3,034  16  8 


Paving:,  3,670  square  yards,  granite  sets  o  10  o 
Bituminous  grouting,  j.Cjd  squar«»  yards  .,021 


Cost  of  paving  2,247  J 7 


0 

0 

2,247 

17 

6 

Cost  of  way  and  paving 


£^,7»t  14  a 
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Kerr's  Second  System. — Alford  and  Sutton  Steam 


In  this  tnmway,  (Fig.  1 16),  girder  rails,  4i  inches  hig^,  weighing 
45  lbs.  per  yard,  are  laid  to  2|>  feet  ganger  on  transverse  concrete 


sleepen  3  feet  apart  between  centres.  Steel  tie-plates,  \  inch 
thick,  are  laid  on  and  imbedded  in  the  sleepers.   The  road  is 


Fio.  1 16.   Alford  and  Sntton  Steam  Tramways :  Cross  Section.  Scale 

macadam.  Hicre  is  no  paving,  except  at  passing  places,  where 
4-inch  cubes  were  laid. 

This  line  is  now  closed.  It  was  workeil  with  steam  locomotives 
weighing  1 1  \  tons,  when,  it  is  stated,  it  bore  the  weight  of  the 
trafiic  perfectly. 


Tramways. 


Tramways  :  Section  of  Rail, 
Sleeper,  and  Fastening.  Scale  \. 


Fro.  115.  Alford  and  Sutton  Steam 
Tramways:  Sleeper  and  Faiten- 
ing.  Scale  about  ^. 
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Kerr's  Third  System.— Bucharest  Tramway;  Madrid 

Tramway. 

This  way  (Fig.  1 17)  is  laid  with  girder  rails,  5  inches  high,  weigh- 


Fio.  117.   Bucharest  Tramways ;  Madrid  Tramways :  Cross  Section. 


FlO.  118.    Buchnrest  Tramwayit ;  Madrid  Tramwaji; 
Section  ot  Kail  and  Fastenings.   ScoJe  \. 

ing  60  lbs.  per  yard.  The  rails  are  laid  on  timber  sleepers,  8  iDches 
by  4  inches  deep,  placed  9  feet  apart,  in  a  macadam  road. 


CHAPTER  XXV< 


SPECIAL  TRAMWAYS. 
Glasgow  Uakbour  Tramway. 

Tramways  suitable  for  goods-yanl  traft'u .  consisting  of  tw  o  cast- 
iron  tram-plates  and  iron  paving  between  thcni,  have  been  tlown 
in  the  Devonshire  Street  Station  of  the  Great  Eastern  Railway, 
London,  for  upwards  of  30  years. 

A  cast-iron  tramway,  bedded  in  concrete,  chiefly  designed  for 


Fig.  119.    Glasgow  Harbour  Tramway: — System  of  Messrs.  Kansomc, 

Deas,  &  Rapier.  Scale  lAr. 


street  or  dotk-lorrie  trattic,  was  patented  in  Dec  ember,  1869,  by 
Messrs.  Ransome,  Deas,  &  Ra]:)ier.  A  tramway  on  this  system, 
A,\  miles  long,  was  laid,  in  1870,  on  the  Broomielaw  Quay,  at  Glas- 
gow. It  is  adapted  for  both  flanged  and  unflanged  vehicles.  The 
way  consists  of  hollow  rectangular  blocks  of  cast  iron.  Figs.  119 
and  120,  5  feet  long,  10  inches  wide,  and  8]  inches  deej);  i  inch 
thick  at  the  toj),  .\  inch  at  the  sides.  A  groove,  \\  inches  wide, 
and     inches  deep,  is  fomied  in  the  middle  of  the  upper  surface  of 
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the  block,  for  triied-flaiiges.  The  upper  mrfaoe,  cast  on  a  chill, 
is  fonned  with  grooves  on  each  side,  to  afford  a  foothold  for 
hoTMs.   Recesses  at  the  ends  are  cast  to  receive  fish-plates,  which 
are  bolted  in  the  ordinary  manner.   The  blocks  are  entirely  filled 
with  concrete,  composed  of  7  parts  of  gravel  and  sand,  and  z  part 
of  Portland  cement,  well  punned,  and  allowed    ^  j 
to  lie  three  or  four  days  to  set.     The  bottom 
was  prepared  like  that  of  an  ordinary  first-     ^^^i^^^^i  ' 
class  street  or  dock-road,  consisting  of  dry    I  I  ^ 

rubble^  and  two  Imes  of  concrete  were  pre-    I  ^ — ^   I  7 
pared  for  tihe  tram-blocks,  z  foot  zo  inches   |  f     \  \  \ 
wid^  and  6  uches  deep.    l*he  tramway   pio.  tao.  System  of 
blodts  were  then  turned  over,  and  were  fixed      Messrs.  Ransome, 
with  ccnient  to  the  bases  of  conrrctc.  Section  of  rSKj 

At   first,   it   seemed   desirable   to   have      lbs.  per  yard. 

Scale  VW- 

bottom    flanges    at    the    outsidcs   of    the  "  "* 

blocks,  but  it  was  found  inconvenient  for  layuig  the  paving 
sets.  Bottcnn  flanges  were  then  applied  to  the  insides;  they 
answered  well,  but  for  the  sake  of  economy  of  material,  flanges 
were  entirely  dispensed  with,  and  the  tramway  blocks  con- 
structed as  shown  in  the  illustrations  have  been  found  to  be  per- 
fectly steady.  The  road  was  made  thoroughly  rigid ;  and  the 
blocks,  once  laid,  remained  there.  At  first,  cross  tie-bars  were 
used,  but  it  was  found  that  they  were  not  net  essar)-,  for  the  blocks 
could  not  be  got  to  stir  even  when  it  was  re<iuired  to  move  ihera. 
In  a  few  instances,  where  it  was  necessary  to  have  the  blocks 
raised  for  laying  water-pipes  or  gas-pipes,  it  was  found  that  thej 
had  stuck  to  the  concrete  beneath,  and  had  to  be  actually  cut  away. 

The  quantities  and  costs  for  this  system  of  tramway  are  as 
follows,  for  a  single  way : — 

Single  Line. 

Cast-iron  blocks,  406  lbs.  per  lineal  yard  of  2  rails;  or 319  tons 

per  mile. 

Concrete,  0-30  cubic  yard  per  lineal  yard;  or  528  cubic  yards  per 
mile. 
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talisMljmtd.  Per  mile. 

£    *.    4.  C      ».  d. 

Cost  of  cast-iron  blocks,  in* 
eluding  iish<p]ates,aad  bolta 

and  nut«  «  •  .  .150  ..  2,ioo  u  o 
Cost  of  conciete,  @  15s  6d. 

per  cubic  yard  .      .      .048  410  tj  o 

Laying  026  220  0  o 

j^i  12  2  ..  ;£'3»8jo  13  o 

To  this  is  to  be  added  the  cost  for  excavation  and  for  pavement. 


The  experience  of  this  tramway  at  Glasgow  has  been  veiy  satis- 
factory. From  100  to  140  railway  waggons  pass  over  the  busiest 
part  of  the  tramway  tkuly.  C  ontractors'  loromotivcs  also  con- 
stantly pass,  frequently  dragging  heavy  loads  upon  bogies  to  the 


Fio.  ISI.   Syittm  of  Mcsan.  Ransome.  Deii»,  U  Rupier,  for  lifthlcr  traflk. 

Scale  ^f. 


6o-ton  crane.  The  highest  speed  of  the  railway  vehicles  is  about 
5  miles  per  hour,  and  of  the  street  lorries  6  miles  per  hour.  It  is 
notable  that,  when  horses  have  to  turn  off  the  tramway,  they 
return  to  it  of  the  ir  ow  n  accord.  From  the  report  of  Mr.  Deas, 
the  engineer  of  the  Clyde  Navigation,  it  appears  that  none  of 
the  cast-iron  blocks  have  been  broken,  and  that  the  chilled  sur- 
faces are  now  in  as  good  condition  as  when  the  way  was  first  laid. 
It  was  originally  expected  that,  in  order  to  get  the  blocks  to  lie 
steady,  they  would  require  to  be  cast  in  io-tet;t  lengths  -  but  it 
was  found  not  to  be  necessary,  for  the  5-feet  blocks  never  showed 
any  signs  of  movement 

A  variety  of  the  same  kind  of  tramways  is  shown  on  Fig.  121, 
for  flanged  vehicles  only.  The  cast-iron  block  is  only  4  inches 
wide  at  the  surface,  and  it  is  formed  with  side  flanges  at  the 
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bottom,  making  up  the  base  to  a  width  of 
9  inches.  The  edges  are  notched  at  inten  ais 
of  3  inches  or  4  inches  for  the  use  of  vehicles 
crossing  the  road.  The  blocks  are  filled 
with  concrete,  and  laid  with  cement  on  two 
lines  of  concrete,  6  inches  deep  and  18  inches 
wide.  The  quantities  and  costs  for  a  single 
way  are  as  follows  : — 


Single  Line. 

Cast-iron  blocks,  308  lbs.  per  lineal  yard  of 
two  rails  ;  or  242  tons  per  mile. 

Concrete,  \  cubic  yard  per  lineal  yard ;  or 
352  cubic  yards  per  mile. 

Per  lineal  yard.  Per  mile. 

Cost  of  cast-iron  blocks,  in- 
cluding fish-plates,  bolts, 
and  nuts  .... 

Cost  of  concrete,  ©  16s.  3d. 
per  cubic  yard 

Laying  .... 


d. 


o  19 


o 
o 


3 
2 


1,672 

286 
198 


j^i    4   6  /2,i56 


In  X871,  a  length  of  about  700  yards  of 
tramway  on  this  system  was  laid  in  the  gas- 
yard  of  the  Glasgow  Corporation.  The 
manager  reported  that  it  worked  very  well, 
had  not  required  any  repair,  and  had  not 
occasioned  any  trouble. 

The  tramways,  as  above  constructed  with 
cast-iron  blocks,  ser>  ed  the  original  purpose 
very  well.  But  when  heavy  locomotives  were 
permittetl  to  run  on  them  they  gradually  went 
to  pieces  and  were  superseded  by  a  new 
tramway  of  steel,  suited  for  the  heavy  traffic 
that  was  imix)sed  on  it  A  steel  rail  tramway 
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was  designed  for  the  purpose  in  1887  by  Mr.  Dcas'  son,  as  sho\\Ti  in 
Figs.  122  and  123.  The  way  c  onsists  of  a  heavy  double-headed  steel 
rail  with  a  steel  guard-rail,  carried  in  chairs  on  creosoted  cross 
sleepers,  2  feet  9  inches  apart  between  centres.  The  tops  of  the 
chairs  are  laid  flush  with  tlie  jtavement,  and  thereby  prevent  much 
of  the  wear  that  would  otherwise  take  place  alongside  the  rail. 
Estimates  of  costs  per  mile  of  single  line  are  here  subjoined. 


The  first  estimate  apj)lies  to  a  line  <  onstnu  ted  on  the  new  road- 
way, including  cost  of  excavation,  concrete  bottoming,  and  paWng  ; 
whilst  the  second  estimate  is  for  a  line  laid  down  on  an  existing 
roadway.  The  sleepers  are  10  inches  wide,  5  in<  hes  deep,  8  feet 
II  inches  long,  creosoted.  The  chairs  are  of  cast  iron,  si)ikcd  to 
sleepers.  The  rails  are  of  steel,  single  headed,  weighing  80  lbs. 
per  lineal  yard,  in  lengtlis  of  32  feet   They  are  fished  with  steel 
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plates,  18  inches  long.  The  guard  rails  are  formed  with  bulbs, 
and  are  of  steel,  weighing  39  90  lbs.  per  lineal  yard.  The  ground 
is  excavated  to  a  depth  of  17!  inches  for  a  width  of  8  feet  11 
inches,  for  a  single  line.  Concrete  is  made  with  Portland  cement 
6  inches  thick.  The  paving  or  causeway  is  of  granite  6  inches 
deep. 

CLYDE  NAVIGATION, 
Glasgow  Harbour  Tramways. 


Estimated  Cost  per  Mile  for  Singlb  Like. 
I. — For  Tramway  on  a  New  Roadway, 

1.  Rectangular  sleepers  of  Baltic,  Riga, 
or  Windau  red-wood.  8  feet  1 1  inches  x 
to  inches  x  5  inches*  creosoted  with 
2}  gallons  per  sleeper,  placed  about 

2  feet  9  inches  centres,  No.  i  ,980  .©036 

2.  Cast-iron  chairs,  58  lbs. each.  No.  .^960, 
102  tons  10  cwt.  2  qri>.  24  lbs.       •  .,,400 

3.  Wrought-iroD  spikes  si  inches  long  h 
I  inch  diameter,  fixing  chairs  to  sleepers, 
two  to  each  chair,  wdghing  191^  oz.  each, 
No.  7,920,  4  tons  5  cwts.  o  qrs.  8  lbs.   .  .,  7  11  8 

4.  Sm^^le-headed  steel  rails,  80  lbs.  per 
iincal  yard,  in  lengths  of  32  feet,  125  tons 
14  cwts.  I  qr.  4  lbs.   5  19  6 

5.  Steel  fish-plates  for  80  lb.  rails,  18 
ins.  long,  22  lbs.  per  pair,  330  pairs,  3 
tons  4  cwts.  3  qrs.  8  lbs.  .      6  O  O 

6.  Wrought-iron  bolts  and  nuts  for  fish- 


plates, 4  ins.  long  x  ^  in.  diameter,  four 
to  each  pair  of  fish-plates,  5*20  lbs.  per 
set  of  four,  15  cwts.  i  qr.  8  lbs.      .  .,,900 

7.  Steel  bulb  rails  39*90  lbs.  lineal  yard,  in 

lengths  of  33  feet,  63  tons  14  cwts.      .  „  to  10  o 

8,  Steel  fish-plates  ibr  bulb-rails,  18  ins. 
long,  8|  lbs.  per  pair,  i  ton  5  cwt.  3  qrs. 

4  lbs.  12  o  o 


346  10  o 

4IQ  2  10 

5  « 

75 t  ^10 

29  8  It 

6  17  II 

658  7  o 

15  9  5 
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CLYDE  NAVIGATION  {foniinued^ 

£  t.    d»        £     t.  ± 

9.  Wrou^ht-iron  bolts  and  nuts  for  bulb- 
rail  fish-plates,  2]  ins.  loni;^  y  *  in.  dia- 
meter, 4  to  each  pair,  2'do  lbs.  per  set 

of  four,  6  cwts.  2  qrs  @  12    O    O  3  18  O 

10.  Oak  keys,  5  ins.  x  2  ins.  >«  2I  ins., 

No.  7,920,  per  1,000  .  .  .  .,,250  17  t6  5 
It.  Cartage  of  rails,  t88  tons  8  cwt.  i  qr. 

4  lbs.  .,016       14  3  7 

12.  Labour  layinc^  sleepers,  cbairst  and 

rails,  lineal  yards  1.760  .  .       .,,010        88    O  O 

{/,}       lod.  per  lineal  yard  for  materials 

and  laying.) 
Excavation,  including  carting  away,  5,280 

ft.  X  8  ft  It  ins.  X  17^  ins.,  cubic  yards 

2,543  .,,010      127  3  o 

Portland  ccincnt  concrete,  q  to  1,  6  ins. 
thick,  5.280  feet  x  8  ft.  11  ins.  x  6  ins. 

cubic  yards,  872  o  10   o      436   O  O 

Graniic  causeway  6  ins.  deep,  including 
bed  of  sand  and  grouting  joints  of  stones 
withbitumen«  5,280  x  8  ft.  11  ins.  less 
4  rails  Csl  +  5f  -  i<>f)  J  square  yards, 

4.7^^5  05  „  o  9  o    2,117  9  6 

Concrete  bottoming  between  sleepers. 
5,280  ins.  less  sleepers  1,980  ®  10  ins.  wide 
1,650 

3,630 ins.  X  Sit,  11  ins.  x  4|ins. ;  cubic 

yards,  449*54  o  10  0      224  15  4 

Cubt  per  lineal  yard  .  .  .  .  i  13  o  .i.<)o5  7  10 
Total  cost  per  lineal  yard  .  2  19  ro  ^^5,269  8  11 


ll.'-For  Trattmay  on  an  Existing  Roadway. 

Tramway  materials  and  laying  ■      .      .  2,364    i  x 

Cost  per  lineal  yard  .      .  1   6  10 
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t.    d.       £     *,  4. 

Lifting  and  relaying  granite  causeway,  6 
ins.  deep,  and  grouting  with  bitumen, 
S,j8o  ft.  X  8  ft.  1 1  ins.  less  4  rails,  io|  ins. 
o  lof 

square  yards  4,705*5  .  ®  o  a  to     666  12  3 

PrqMuring  bottoming,  5.280  ft.  x  8  ft.  11 

ins.;  square  yards  5, 2;^  I  ^  ..,006       130  15  6 

Concrete  bottoming  between  sleepers, 
5,280,  less  sleepers  1,98a  10  ins.  wide. 
1 ,650 

.5,630  ft.  X  8  ft.  II  ins.  X  4|ins. ;  cubic 

yards,  449  54  o  10  o      224  15  4 

Cost  per  Uneal  yard   .  o  11   7    1,02a  3  i 

Total  cost  per  lineal  yard  .      .       .      i  18   5  4  2 


Beli-ast  Harbour  Tramway. 

A  single  line  of  tramway,  specially  designed  for  the  traffic,  was 
laid,  in  1869,  on  the  quays  at  Belfast  Harbour,  under  the  superin- 
tendence of  Mr,  Lizars,  the  engineer  to  the  Harbour  Commis- 
sioners. It  was  opened  in  January,  1870.  It  was  a  single  line, 
with  sidings.  It  consisted  of  two  longitudinal  sleepers  of  pitch 
pine^  or  of  Memel  timber,  9^  inches  wide  and  7  inches  deep,  Fig. 
124,  upon  which  an  ordinary  iron  bridge  rail,  4  inches  deep,  and 
weighing  80  lbs.  per  yard,  was  Inid  and  fastened  with  spikes 
through  the  flanges.  A  check-rail  of  L  section,  also  4  inches 
deep,  weighing  39  lbs.  per  yard,  was  laid  and  spiked  alongside  the 
bearing  rail,  upon  the  same  sleeper,  leaving  an  interval  or  groove 
of  a  yr.dih  of  1 1  inches.  The  ground  was  excavated  with  trenches 
for  the  sleepers,  which  were  bedded  upon  gravel  or  on  ashes. 
The  pavement  consisted  of  oblong  sets,  7  inches  deep,  on  a  bed 
of  sand  grouted  with  lime,  abutdng  on  the  sleepers. 
It  is  apparent  that,  on  this  system,  wide  vacancies  were  created 
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between  the  rails  and  the  pavement,  2|  inches  at  each  side;  these 
vacancies  were  filled  with  concrete  flush  with  the  pavement  But 
there  was  a  want  of  stability  in  the  combmation.  It  was  veiy 
liable  to  get  out  of  order;  the  check  rail,  no  matter  how  tightly 


Fig.  134.   Belfast  Harbour  Tramway  :—Lizar's  System.   Scale  i. 

q^iked  to  the  sleqiers,  being  easily  pressed  and  moved  bwaids 
against  the  non-iesistant  concrete ;  and  the  groove  was  thns 
widened  to  an  extent  which  made  it  dangerous  for  traffic 


Fiu.  125.   OeUast  Harbour  Tramway  :—SalmoDd's  System.  Kail,  ;oIbs. 

per  yard.   Scale  \. 

A  better  system  was  subsequently  designed  and  employed  by 
Mr.  T.  R.  Salmond,  the  i»resent  engineer  to  the  Commissioners, 
for  extension  and  for  replacements  of  portions  of  the  line.  A 
single  iron  rail,  Fig.  125,  weighing  70  lbs.  per  yard,  w  as  substituted 
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for  the  combined  bridge  rail  and  check-rail.  It  is  6  inches  wide, 
formed  with  a  groove  i  \  inches  wide  and  1  \  inches  deep,  and  a 
raised  bearing  surface  at  one  side  of  the  groove.  The  average 
thickness  is  about  \  inch.  It  is  fastened  by  S-inch  vertical  spikes, 
raggetl,  with  countersunk  heads,  to  a  longitudinal  sleeper,  6  inches 
square,  at  inter\als  of  3  feet,  except  at  the  joints,  where  it  is 
fastened  by  i-inch  bolls  and  nuts.  The  nuts,  at  the  under  side, 
are  screwed  up  on  a  fish-plate  of  iron  of  the  width  of  the  sleejier, 
12  inches  in  length  and  \  inch  thick.  The  longitudinal  sleej'ers 
are  laid  on  and  spiked  to  cross-sleepers  of  larch,  9  feet  in  length, 
laid  at  distances  of  4  feet  between  centres. 


p'iG.  126.    Behj&t  liarbour  Tramwuv  : — System  adopted  lor  »harp  curves. 


The  pavement  consists  of  sets,  6  inches  deep,  3i  to  4  inches 
wide,  and  from  8  to  1 2  inches  long,  laid  close  to  the  sleeper  and 
rail  at  each  side. 

In  the  construction  of  sharp  cur\'es,  the  combination,  Fig.  126, 
is  applied,  consisting  of  a  bridge-rail,  laid  on  a  longitudinal 
sleeper,  6  inches  square,  and  a  flat  plate,  \  inch  thick,  6^  inches 
deep,  spiked  to  one  side  of  the  sleeper,  lorming  a  if -inch  groove. 
The  rail  of  the  section  here  shown  lends  itself  to  the  formation  of 
cur^'es  more  readily  than  the  solid  wide  rail  used  for  the  straight 
portion  of  the  line.    It  may  be  noted,  too,  that  the  lateral  slab 
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which  is  placed  as  a  check-rail  may  be  more  hrmly  fixed  to  the 
sleeper  than  the  check  rail  used  in  the  earlier  design. 

The  new  rails  were  ordexed  in  1873,  with  a  flat  surface,  and 
were  partially  used  for  constxucdng  100  yards  of  way,  in  1875,  of 
which  50  yards  was  laid  in  replacement  of  a  portion  of  the  old 
line.  The  remainder  was  used  for  traversing  steam  cranes  along 
the  quays.  In  1S75  new  rails  were  ordered,  having  a  raised  sur- 
face; they  were  laid  on  the  new  Queen's  Quay.  The  new  lines 
gave  great  satisfaction  ;  it  was  reported  that  they  laid  soli<i]y,  and 
the  fastenings  kept  tight  under  the  traflic  of  the  railway  wagons 
and  locomotives  by  which  they  were  traversed.  The  permanency 
of  the  iastenmgs»  it  is  clear,  was  due  to  the  dispoation  by  which 
they  were  placed  entirely  out  of  the  range  of  the  wheels. 

The  prices  paid  for  the  materials  of  the  new  way  were  as 
follows:— 


Rails,  70  lbs.  per  yard,  delivered  . 

Lon^Mtudinal  sleepers,  6  inches  scjuarc, 
cut  from  log,  including  the  labour  of 
Wing  

Larch  cross-steepers,  9  ft.  long 

S(|u.-irp  setting  

Switches  and  crossings  .... 


7  10 


o 
o 

o 

'3 


3 

3 

8 


o  per  ton. 


o  per  cubic  foot, 
o  each. 

o  persquarcyard. 
o  pereet. 


GvTNNESs's  Brewery  Tramways,  Dublin. 

The  tran>i)ort  of  goods  and  materials  in  Guinness's  Brewery  is 


Fig.  127.  Guinness's  Brewery 
Tramwajs  :  Sec  lion  of 
Rafl.  Scale}. 


Fig.  128.  Guinness's  Brewery  Trammjfi: 
Section  of  Kail.   Scale  \, 


effected  by  means  of  a  double  system  of  tramways :  a  tramway  of 
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5  feet  3  inch  gauge — the  standaul  Irish  gauge — and 
22  inch  gauge,  for  the  work  of  transport;  with  in  the 
for  communication  between  the  higher 
and  lower  premises.  For  the  narrow- 
gauge  lines  the  first  rails  were  of  iron, 
weighing  i6  lbs.  per  yard.  The  weight 
has  been  increased  to  46  lbs.  per  yaril 
in  the  present  steel  rails,  shown  in 
Fig.  127.  The  tram  rail,  Fig.  128,  forms 
by  far  the  greater  part  of  the  system  ; 
it  is  of  iron,  weighing  56  lbs.  per  yard, 
and,  as  in  Fig.  1 29,  is  fastened  to  rebated 
longitudinal  timbers,  which  are  laid  on 
cross-sleepers.  In  some  cases  they  are 
laid  directlyupon  concrete,  and  wTOUght- 
iron  cross- ties  are  use<l.  The  most 
recently-constructed  portion  was  laid 
with  steel  girder  rails,  weighing  76  lbs. 
per  yard,  as  in  Fig.  130,  laid  on  cross- 
sleepers.  The  foot  of  the  rail  is  made 
narrow,  in  order  to  allow  of  its  being 
easily  bent  to  small  radii.  As  there  is 
horse  traffic  over  the  broad-gauge  rails, 
these  are  grooved  as  in  Fig.  131,  and 
the  wagons  run  on  the  wheel  flanges, 
in  the  grooves,  thus  keeping  the  tread 
of  the  wheel  well  clear  of  the  pavement, 
and  avoiding  the  use  of  a  guard  rail. 
The  total  length  of  the  line  and  sidings 
is  about  5  J  miles. 

For  switches,  the  tonguetl  point,  as 
used  on  tramways,  has  been  adopted 
for  tram  -  lines,  and  the  crossings, 
when  very  close  to  one  another,  are 
made  of  cast- steel  rails,  bolted  upon 
a  cast-iron  plate,  with  a  wood  liner  between 
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The  cost  of  laying  the  narro\v-gau::c  Hue,  ;2-iiKh  gv^uge, 
amounted  to  ^^4,070  per  mile,  or  6s.  3d.  per  hncal  yard. 
For  ifaiii  sum  is  included  the  tnm  xails  fastened  to  rebated  longi- 
tudinal sleepers,  laid  on  cnMS-sIeepers,  bedded  in  concrete  for  the 
depth  of  the  cross^sleepers,  and  ballasted  up  with  gravel,  paved 
with  AVelsh  sets  between  the  rails  and  for  an  outer  width  of 
18  inches  at  each  side ;  including  all  points,  crossings,  and  cun-es, 
of  which  there  are  manjr.   The  rails  were  specified  to  be  capable 


I  k;,  ijo.  Guinness  *  Brcwerj' Tiam-  Fig.  131.  Guinnew's Brewtry  Tram- 
ways :  Seciion  of  Kail,  2a-iacb  ways  :  Section  of  Rail,  5^  led 
gauge.  Scale gauge.  Scaled. 

of  being  bent  to  a  curve  of  10  feet  radius  without  fracture,  the 
width  of  the  rail  being  in  the  plane  of  curvature. 

Tramway  in  Harwich  Locomotive  Works,  Lancashire  and 

VOKRSiilKE  RaIL\VA\. 

bcvcral  ijiilca  ul  iraimvay  have  been  designed  and  laid  at  Honvich 
locomotive  works  by  Mr.  John  A.  F.  Aspinall,  to  a  gauge  of 
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18  inches,  with  foot-rails  weigh- 
ing 26  lbs.  per  yard,  according 
to  the  section,  Figs.  132,  133, 
and  134.  The  base  of  the  rail 
is  2  J  inches  wide,  and  the  rail 
stands  2^  inches  high.  The 
head  is  1  ^  inches  \>'ide,  the  web 
is  -iV  inch  thick,  the  rail  is  laid 
on  longitudinal  timber  sleepers, 
7  inches  wide,  3^  inches  deep. 
The  rails  are  spiked  to  the 
sleepers  as  shown  in  Fig.  134, 
and  they  are  fished  at  the 
joints  by  a  slipper-plate  forme*  1 
out  of  a  flat  plate  \  inch 
thick. 

Edge's  Way. 

Mr.  C.  A.  Edge  patented, 
NovemlKT  30,  1877,  a  system 
of  tramway,  Figs.  135  and  136, 
without  grooves  in  the  rails. 
The  rails,  hollow  in  section, 
are  perforated  at  the  surface 
with  holes,  either  round  or 
oval,  at  equal  intervals,  into 
which  corresponding  studs 
fastened  to  the  wheels  of  the 
car  enter  in  succession  as  the 
car  advances.  By  this  means  the 
wheels  arc  kept  on  the  track, 
without  the  aid  of  flanges  and 
grooves.  The  studs  are  applied 
only  to  the  wheels  at  one  side 
of  the  car.    Any  impediments 
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Figs.  132,  133,  134.  Tramway,  Hor- 
wich  Locomotive  Works  :  RjU 
and  P'astenings.    Scale  \. 
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lodged  in  the  holes  are  crashed  or  are  squeezed  out  bjr  the  action 
of  the  studs.  An  eiqierimental  piece  of  tramway  of  diis  kind,  in 
the  fofm  of  the  figure  8,  a  quarter  of  a  mile  in  length,  was  bid 


Fio.  135.   Edge's  Way.   Seciiou  of  Kail  and  Wheel.  Scale 

down  at  Biriuingliaiu,  and  was  traversed  by  a  car  built  for  tlie 
puq)ose.  The  car,  it  is  stated,  travds  at  a  speed  of  la  miles  per 


Fio.  136.   Edj^e's  Way.   Side  view  of  Wheel.   Scale  \. 


hour,  without  leaving  the  rails,  whilst  a  jiassenger  would  be  unable 
to  detect  any  difterence  between  tlie  running  of  this  car  and  that  of 
an  ordinary  car  with  flanged  wheds  on  grooved  rails. 
The  Edge  qrstem  was  laid,  with  cast-steel  rails,  70  lbs.  per 
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yard,  for  a  length  of  three  mOes  in  the  C\\y  of  Bninswidc,  in 
1879 — one-third  of  the  length  consisting  of  curves  of  from 
40  to  no  feet  radius.  The  first  route,  li  miles  in  length,  was 

opened  in  October,  1879,  jmd  the  remaining  length  of  1 1  miles  in 
1S80.  It  is  reported  that,  in  the  month  of  December,  1879,  when 
snow  and  frost  prevailed,  the  system,  it  was  found,  could  sifcly  he 
used  during  weather  which  would  have  stopped  nmning  on  other 
system:>  of  tramway.  The  cars,  it  is  said,  run  witli  as  little  resis- 
tance as  those  on  ordinary  ways.  In  March,  1 881,  it  was  reported 
that  during  the  previous  eighteen  months,  upwards  of  50,000 
journeys,  amounting  to  about  100,000  miles  run,  were  performed 
without  any  extraordinary  wear  of  either  the  wheels  or  the  rails. 
It  is  stated  by  the  City  Surveyor,  that  "the  rails  with  holes  have 
offered  no  interference  whatever,  either  to  heavy  or  to  light 
vehicles,  nor  to  foot  traftic  ;  "  and  it  was  remarked  by  a  local 
newspaper  that  *'  the  cars  move  along  with  the  same  quiet  ease 
and  smoothness  as  iu  the  old  system,  and  the  friction  is  apparently 
less." 


CHAPTER  XXVI 


SUPPLEMEXTAR}\—OX  FOREIGN  TRAMWAl'S. 

Paris. 

Whfn  M.  Lofib.it  returned  to  Paris  from  America,  he  introduced 
his  system,  slightly  modified,  Figs.  137  and  13S.  and,  in  1853,  laid 
a  line  of  tramway  in  Paris,  from  the  Place  de  la  Concorde  to  Passy, 
in  the  Avenue  do  la  Reine.    This  was  the  first  horse  tramwav  hid 


Fig.  137.  LoiiMat  s  li.iinw.iy: — 
Section  of  Kail  and  Sleeper. 
•Scale  i. 


Fio.  138.  Section  of  Louhat's  Rail, 
38  lbs.  per  yard.    Scale  i- 


in  France.  It  was  laid  to  a  gauge  of  r54  metres,  or  5  feet  i  inch. 
The  rail  was  of  a  semi-hexagonal  section  at  the  lower  side,  to  rest 
upon  a  wood  sleeper,  which  was  chamfered  to  receive  it,  and  upon 
which  it  was  sj)iketl  diagonally  through  the  sides.  A  fish-plate  of 
iron,  6  inches  long  and  I  inch  thick,  was  laid  under  each  joint 
The  rail  weighed  19  kilogrammes  per  metre,  or  38  lbs.  per  yard. 
It  was  3  inches  wide  at  the  surface;  the  groove  was  inches 
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wide  and  I  inch  deep;  whilst  the  tread  was  only  inches 
wide.  The  longitudinal  sleepers  were  4  inches  wide  by  6  inches 
deep,  and  were  laid  upon  transverse  sleepers  6  inches  wide  and 
4  inches  deep,  placed  at  2  metres,  or  6  leet  7  inches  apart,  be- 
tween centres.  The  transverse  sleepers  were  notched  to  receive 
the  longitudinals,  which  were  fixed  into  them  by  wood  keys.  The 
spikes  proved  to  be  insutlkient  as  fasteners,  for  they  were  either 
broken  or  pulled  out,  probably  for  want  of  a  good  bearing  on  the 
sleeper,  on  which,  it  is  manifest,  the  rail  must  have  been  displaced 
by  the  eccentric  pressure  of  the  load. 

This  rail  was  laid  by  the  Compagnie  Generale  des  Omnibus, 


Fio.  r39.  Section  of  Rail,  beiween  Fig.  140.  Section  of  Rail,  to  replace 
bcvrcs  and  Ver-ailles,  32  lbs.  Sections,  Fi<;s.  138  and  139: — 46 
j  crjard.    .Scale  V.  lbs.  per  yard.    Scale  .J. 


on  the  lines  from  the  Place  de  la  Concorde  to  .Sevres  and  to 
Boulogne. 

The  ne.xt  section  emjjloyed,  Fig.  139,  was  that  of  the  tram  rails 
laid  by  a  i^rivate  company  bet\veen  Sevres  and  Versailles.  The 
rail  weighed  16  kilogrammes  per  metre,  or  32  lbs.  per  yard;  it  was 
hollowed  at  the  lower  surface,  for  the  sake  of  economy  of  material. 

These  rails,  Figs.  137,  138,  and  139,  according  to  M.  Goschler,* 
lasted  ten  years.  At  the  end  of  this  period  the  rolling  surface  had 
worn  so  much  that  the  flanges  of  the  car-wheels  lodged  on  the  bottom 
of  the  grooves.    A  rail,  Fig.  140,  of  a  heavier  section,  weighing 

•  *'  LesChemins  de  Fers  Necessaires,"  in  the  Conijtfes  Rendus  de 
la  Soci^U  dcs  Inginieurs  Civi/s,  1873. 
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46  lbs.  per  yard,  calculated  to  last  20  years,  was  emj)loyed  to 
replace  the  lighter  rails.  A  similar  rail,  Fig.  141.  was  laid  by 
the  Omnibus  Company  on  the  route  between  the  Arc  de  I'ttoile 
and  the  Tronc,  on  the  Tramways  Nord.  It  was  4  inches  wide,  and 
2m6  inches  deep,  and  had  a  groove  i  \  inches  wide.  It  was  fixed  on 
a  longitudinal  wood  sleeper,  like  its  ])reilecessor,  by  vertical  bolts, 
through  the  bottom  of  the  groove,  with  countersunk  heads  and 
nuts.    The  rails  were  rolled  in  lengths  of  6  metres,  or  nearly 


Fig.  141.    Section  of  Rail  and  fastening.  Tramways  Nord,  46  lbs.  per  yard. 

Scale 

20  feet,  antl  they  were  fished  at  the  joints  with  iron  plato.  fonned 
to  fit  the  lower  surfaces  of  the  rails. 

It  was  early  assumed  that  transverse  sleepers  were  not  neccssar)', 
and  they  were  dispensed  with  as  the  lines  came  under  rejxiir. 
Cross  tie-bars  of  wrought  iron  were  employed  instead  of  the 
sleepers,  but  even  these  were,  after  a  time,  abandoned.  When  the 
lines  were  laid  in  macadam,  without  any  paving,  the  cost  of  main- 
tenance was  ver)'  great,  due  to  the  practice  of  the  running  of 
ordinary  vehicles  on  the  track  of  the  tramway.  A  continual  supply 
of  new  macadam  was  required  for  a  width  of  10  inches  on  each 
side  of  the  rails,  and,  of  course,  the  i>erpetual  renewal  of  loose 
stone  led  to  a  greater  increased  resistance  on,  and  wear  of  the 
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tramway,  occasioned  by  the  detritus  of  the  covering  at  the  sides. 
To  avoid  such  serious  objections,  the  Omnibus  Company  replaced 
the  macadam  by  paved  margins  next  the  rails  in  the  outer  portions 
of  the  system,  and  by  a  general  paving  on  the  lines  within  the 
city. 

Though  it  appears  that  the  first  line  of  tramway  laid,  that  of 
M.  Loubat,  was  laid  to  a  gauge  of  154  metres,  or  5  feet  J  inch, 
the  tramways  subsequently  constructed  were  laid  to  the  railway 
gauge,  I  44  metres,  or  4  feet  S.J  inches  ;  or  to  1*43  metres,  or 
4  feet  8i  inches.  Uniformity  of  gauge  was  adopted  with  a  view  to 
establishing  communications  between  the  railway  goods-stations. 
The  expectation  was  futile. 

The  schedule  of  prices,  adopted  in  1867,  for  laying  the  tram- 
ways in  macadam  roads,  according  to  M.  Goschler,  was  as 
follows : — 


Tramways  in  Paris.— Schedule  of  Prices,  1867. 


Rails,  drilled  with  10  countersunk  holes, 

Franc*. 

£ 

».  d. 

per  100  kilogrammes  .       .       .       .  @ 

26 

10 

8   0  per  ton. 

Bolts  or  fishes,  per  100  pieces       .  . 

22 

0 

"7  5 

Oak  sleep>ers,  longitudinal,  6  inches  by 

8  inches,  per  st^re  

0 

3   0  cubic  ft. 

Broken  mill-stone  (macadam)  per  cubic 

12 

0 

7   3  cubic  yd. 

Sand,  per  cubic  metre           .       .       .  ,, 

3 

0 

1  10 

I-abour,  per  hour    .       .       .       .       .  ,, 

035 

3 '3  2  per  hour. 

One-horse  cart,  per  hour      .       .       .  ,, 

I 

0 

0   9i  „ 

On  the  basis  of  these  prices,  the  cost  per  yard  of  the  construc- 
tion of  a  single  line  of  tramway  with  the  46-lb.  rails,  Fig.  141,  was 
as  follows : — 


Cost  per  yard,  Single  Line.— Rails  46  lbs.  per  Yard. 

I.  d. 

Rails  8  8 

Longitudinal  sleepers      ....       2  io*8 

Shaping  the  sleepers  o  87 

Carried  forward     12  3.5 
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Cost  per  Yard  {continued). 

I.  d. 

Brought  forward   iz  3*5 


Bolts   o  7*7 

Fishes        .......  O  5*1 

Washers   o  07 

Excavation   066 

Fitting  together   o  1*7 

Laying  and  packing  .  .  o  5*1 

Land   O  I*/ 

Broken  stone   o  S7 

W'atcrinc^  and  rolling.       .       .       .       .  o  2*2 

Watching  and  general  expenses       .       .  o  8'3 


Total  16  4 


or,  £i,^^i  OS.  8d.  per  mile. 


The  rail  adopted  for  the  Tramways  Nord,  in  the  Avenue  dc  ia 
Grande  Aniic'e,  is  shown  in  Fig.  142. 

The  section  of  rail  which  was  next  laid  by  the  Tramways  Nord. 
in  1873,  macadam  road  between  the  Porte  Maillet  and  U.c 


FlO.  142.  Section  of  Rail  in  the      Fig.  143.  Section  of  Rai),  Avenue  de 
Avenue  de  la  Grande  Arm6e.        Neuilly,  6olbs.  per  yard.   Scale  |. 
Scale 


Pont  de  Xeiiilly,  is  shown  in  Fig.  143,  adopted  from  English 
practice.  The  weight  of  the  rail  is  60  lbs.  per  yard  ;  it  is  boltc<l 
down  through  the  grooves  to  longitudinal  sleepers  of  oak,  4  inches 
wide  and  6  inches  deep,  laid  on  transverse  sleepers,  6  inches  wide 
and  3i^  inches  deep,  placed  at  distances  of  5  feet  apart  between 
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centres.  The  cost  of  this  way  [>er  mile  of  single  line  is  estimated 
at  ;^i,4i8.  including  the  cost  of  rails,  cast-iron  joint  chairs,  and 
brackets,  bolts,  sleepers,  laying  the  way,  watching,  and  sundn' 
expenses.  Though  the  section  of  rail  was  copied  from  English 
practice,  it  appears  that  the  valuable  function  of  the  flanges,  in 
superseding  with  side  fastenings  the  vertical  holding  bolts,  was  not 
apprehended- 

The  whole  cost  of  construction  of  the  Tramways  Nord  of  Paris 
is  given  in  an  Addenda- Dunod,  1877,  from  which  the  following 
summary  is  deduced  ; — 

Tramways  Nord.— Cost  per  Lineal  Yard  of  Double  Way 

ON  A  Paved  Road. 

C  A. 

Lifting  pavement  and  excavation  .       .  022 

Paving  *    7  7 

"\Vay  I  15  7 

Total  £i    S  A 

Or.  ;^5750  per  mile. 

From  the  balance-sheet  of  the  company  it  appears  that  the 
total  capital  expenditure  on  these  tramways  amounted  to  1,900 
per  mile. 

Mr.  Oppermann  gives  an  analysis  of  the  cost  of  working  the  line 
between  St.  Gcrmain-des-Pres  and  Montrouge,  a  j^rt  of  the 
Tramways  Sud,  in  Paris.  The  line  is  3*12  miles  in  length.  One 
car  makes  20  trips  in  16  hours  per  day,  and  runs  (312  X  20  =) 
62  40  miles  per  day.  Each  car  contains  16  passengers  inside, 
18  on  the  roof,  and  10  on  the  platforms;  in  all,  44.  Each  car 
is  drawn  by  two  horses,  relieved  four  times,  making  10  horses 
for  e.tch  car. 

Francs. 

One  horse  costs  per  day  for  fodder  .  .  4*50 
Shoeing,  stabling,  attendance,  renewal.  &c.  roo 

Total  for  one  horse      .      .      .      .  5*50 
Horse  labour  per  car  per  day  'yf^o  x  lu)   ,  S.S'oo 

,,       ,,      per  mile  run  "88  franc,  or  8'J7  , 
pence. 
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The  system  of  tramway  adopted  and  put  in  execution  by 
M.  Franoq,  for  the  Versailles  Tramways,  in  1875,  illustrated  by 
Figs.  144, 145,  and  146,  with  rails  on  a  timber  substructure  of 


(  -  - 


Fig.  146.   Section  of  Veisailles  Rail,  30^  lbs.  per  yard.    Scale  \ 


longitudinal  sleepers  laid  iipon  transverse  sleepers.  The  rail  weighs 
30^  lbs.  per  yard,  it  is  of  a  section  comparatively  shallow,  i|  inches 
deep,  and  about  3  inches  wide  at  the  suiiace.  It  is  rolled  with  two 
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fillets,  one  at  each  side,  projecting  \  inch,  and  making  a  total 
width  of  3^  inches.  The  rolling  suxiace  was  i\V  inches  wide, 
and  the  groove  is  li  inches  wide ;  the  lower  sui&ce,  under  the 
tread,  is  hollowed,  and  receives  in  the  hollow  a  corresponding 
section  of  the  longitudinal  sleeper,  which  is  rebated  to  fit  the  rail. 
The  longitudinal  sleepers  are  of  fir,  crcosoted  ;  they  are  3  inches 
wide  and  7  inches  deep,  under  the  soles  of  the  rails.  They  are 
slightly  inclined  inwards,  at  an  angle  of  i  in  20,  and  laid  upon 
transverse  sleepers  of  oak,  6  inches  wide  and  3i  inches  deep, 
placed  at  distances  of  5  feet  apart  between  centres. 

The  fastenings  are  peeuliar.  The  lateral  fillets  of  the  rails  are 
notched  at  intervals  of  i  metre,  or  40  inches,  between  centres,  to 
receive  the  two  ends  of  an  iron  strap,  which  is  doubled  under  the 
sleeper,  the  ends  being  correspondingly  notched  to  enter  the 
notches  in  the  fillets,  and  take  a  bearing  ui)on  the  fillets.  The 
ends  of  the  strap  are  fixed  in  i)Osition  by  a  bolt  and  nut  through 
the  sleeper,  and  the  strap  is  tightened  by  a  lurdwood  wedge, 
driven  in  under  the  sleeper. 

The  longitudinal  sleepers  are  secured  to  the  transverse  sleepers 
by  means  of  a  piece  of  iron  plate,  bolted  to  one  side  <tf  each 
cross-sleeper,  and  cut  out  and  flanged  to  receive  the  longitudinal 
sleeper,  which  is  spiked  to  it 

The  objections  to  this  system  are,  that  the  fastening  of  the 
longitudinal  to  the  transverse  sleeper  is  in  sheer,  and  is  not 
durable  ;  that  the  rail  is  too  shallow,  and  is  weak  ;  that  the  means 
of  lateral  resistance  of  the  rail  to  displacement  upon  the  sleeper 
is  insufficient ;  that  the  lateral  fillets  rqvresent  a  waste  of  metal, 
and  prevent  the  dose  fitting  of  the  pavement  to  the  rail ;  that 
diere  are  other  projections  which  are  inconvenient  in  the  same 
way ;  and  that  the  situation  of  tiie  wedge  for  tightening  the  fiuten- 
ing  of  the  rail — below  the  sleeper — is  inconvenient  for  purposes 
of  inspection  and  repair.  This  system,  like  many  others  which 
have  failed  in  prac  tice,  would  answer  very  well  if  it  were  a  mere 
fixture,  but  not  for  resisting  the  stress  of  the  rolling  movement  of 
heavy  bodies. 
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LlLLE. 

Tlie  tramways  of  Lille  are  constructed  like  level  crossings  for 
railways,  with  two  rails  and  two  counter-rails,  cnclosini:  at  each 
rail  a  clear  space  sutticient  for  the  clearance  of  the  wheel  flanges. 
The  rail  and  the  coimter-rail  (Figs.  147  and  148)  are  bolted  to  a 
cast'irou  chair.   The  chairs  are  bedded  on  and  screwed  down  to 


FZO.  147.  Lille  TramwAyt  :~Sect ion  FlO.  148.  Ulie  TramMay>:— 
of  Raib  and  Cb«ir»  (or  Pasb«nger  Section  showing  arrangement 
IVaflic.  Rail,  ai'7  Iba.  per  jaid.  cf  Rnils  for  Railvray  Wag- 
Scale  \.  gons.   bcale  \. 


cross-sleepers  laid  on  the  ground,  at  5  feet  intervals,  without  any 
intermediaiy  longitudinal  sleqpers.  The  interspace  is  1*30  inches 
wide  for  the  tramcar,  as  in  Fig.  147,  but  by  fixing  the  counter-nul 
so  that  its  flat  side  is  presented  to  the  rail,  as  in  Fig.  148,  the 
interspace  is  increased  to  x*8o  inches  in  width,  for  the  traffic  of 
railway  waggons. 

Ibi.  per  jrard. 

Weight  of  the  rail,  3*60  inches  deep  .  287 
„      counter-rail,  3*60  inches  deep  .  22*5 

Total  weight  per  yard  for  each  rail       .  51-2 

The  same  system— of  rail  and  counter-rail — was  adopted  in  the 
construction  of  the  Geneva  Tramwa)  s. 
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Brussels. — Antwerp, — LiftCE. — Ghent. 

In  Brussels  the  tramways  are  worked  by  four  distinct  companies, 
each  company  having  adopted  special  fonns  of  rail.  The  oldest 
line  is  that  between  Schaerbeek  and  the  Bois  de  la  Cambre, 
43  miles  in  length,  which  was  completed  and  opened  in  1869. 
All  the  other  lines  have  been  constructed  since  1871.  In  the  end 
of  1874,  the  lengths  of  lines  of  tramway  open  in  Bnissels  were 
as  follows  : — 

Belgian  Street  Tramway  

Compagnie  Brcsilienne  ..... 
Compagnie  des  \'oies  Ferrees  Beiges  (Bois  de  la 

Cambre)  

Compagnie  Bccquet  ...... 

Open  in  Brussels  23^ 

Gauge  of  ways,  4  ft.  8^  ins. 

In  other  towns  in  Belgium  there  were  open  as  follows  : — 

Milrt.  Ft.  Int. 

Antwerp  .  .  .  6m6,  gauge4  si 
Liege  .  .  .  478  „  4  8i 
Ghent      .       .       .     466  4  8.) 

making  a  total  length  of  about  miles  of  tramway  open  in 
Belgium  in  1874. 

The  way  was  made  in  double  line  in  the  first  three  tramways  of 
Brussels  ;  the  fourth  was  made  with  a  single  way.  The  tramways 
in  the  other  three  towns  were  single  line,  except  for  a  small 
section  of  tramway  in  Ghent. 

The  sections  of  rails  employed  in  the  tramways  of  Belgium  are 
shown  in  Figs.  149  to  159. 

The  interspace  between  two  lines  of  way  is,  in  Brussels,  1  metre, 
or  40  inches  ;  e.xcept  in  narrow  streets,  where  it  is  only  "8  metre,  or 
32  inches.  At  Antwerp  it  is  1  metre  ;  and  at  Ghent  i'05  metres,  or 
42  inches.    At  Li^ge  it  is  from  i  ^  to  i  J  metres,  or  from  5  feet  to 

X 


Mile*. 

3i 


I 

I 
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5  feet  9  inches,  in  view  of  the  clearance  required  for  the  passage 
of  railway  waggons. 

The  minimum  radius  of  curvature  pennitted  in  any  tramway  is 


Fig.  149.  Belgian  Slreet  Railway  : — 
Section  ot  rail  laid  in  suburbs  of 
Bruuels,  23  lbs.  peryaid.  Scale  I. 


Fig.  150.  Belgian  Siieet  Kailwa? : 
— Section  of  rail  laid  in  Brussels, 
34^  lbs.  per  yard.   Scale  i. 


Fig.  151.  Voies  Ferrecs  Beiges:  — 
Section  of  rail,  Sic,  52  lbs.  per 
yard.  Scale 


Fjg.  152.  Voies  Ferrto  Beiges  :—- 
Section  of  rail  for  rtraishi  liijes» 
Sa  lb«.  ycr  yard.   Scale  J. 


Fig.  153.  Voies  Ferries  Beiges  : — 
Section  of  inner  rail  for  curves, 
36^  lbs.  per  yard.   Scale  f. 


FlO.  154.  Voies  F"crices  Beiges  :  — 
Section  of  outer  rail  lur  curves, 
31  lbs.  per  yard.  Scale  f . 


44  metres,  or  144  feet  At  Brussels,  the  radius  is  usually  from 
ICO  feet  to  X  30  feet;  occastoually,  for  want  of  space,  it  is  as  low  as 
6  5  feet,  and  but  rarely  as  low  as  46  feet  At  Antwerp  the  minimum 
radius  is  25  metres,  or  83  feet ;  and  at  Ghent  15  metres,  or  50  feet 
At  Li^ge  the  lower  limit  is  25  metres,  or  83  feet,  except  for  the 
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routes  traversed  by  railway  stock,  where  the  radius  is  not  less 
than  75  metres,  or  246  feet. 
The  way  consists  generally  of  grooved  iron  rails  laid  on  a 


Fig.  157.  Tramways  d'lxellcs  Etterbecq,         FiG,  158.  Liege  Tramways  : — 
Brussels  (Compagnie  Becquel)  :  — Sec-  Seciion  of  rail,  and  tyre  of 

tion  of  rail,  37  lbs.  per  yard.  Scale  |.  railway  waggon,  56  lbs.  per 

yard.    Scale  \. 


Fig.  159,  Ghent  Tramways  : — Seciion  of  rail,  &c.,  24  lbs.  per  yard. 

Scale  5. 

timber  substructure  of  longitudinal  sleepers  upon  trans\'ersc 
sleepers.  The  only  exceptions  to  the  grooved  rails  are  the  rails 
used  in  the  suburbs  of  Brussels,  and  at  Ghent,  which  are  formed 
on  the  principle  of  the  "crescent"  rail,  Fig.  17,  for  which  the 
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groove  is  made  by  a  gap  between  the  rail  and  the  pavement. 
Sections  of  the  rail  are  shown  in  Figs.  149  to  159,  in  which  it  is 
seen  that  for  the  most  jjart  the  rails  are  fastened  to  the  longi- 
tudinal sleepers  by  vertif:al  screws  thr(  >i!L(h  the  grooves.  The 
only  exception  is  the  side  fastening,  by  staples,  employed  on  the 
"  Voies  Ferries  Beiges,"  Fig.  151.  At  Liege  the  rail  is  formed 
with  a  groove  2  inches  in  w  idth.  The  weights  of  the  rails  illus- 
trated above  are  as  follows : — 

BSLGlUMp  WEIGHT  OP  RAILS  P£R  YARD. 

lb*. 


Brussels : — 

Belgium  Street,  suburbs  .  23 

in  town  24I 

Votes  Ferries  Beiges  ...  52 

Br^siUenne   34 

Compagnie  Becquet    •      •      •  37 

Antwerp   30 

Li^ge   56 

Ghent   24 


The  length  of  tramway  in  Brussels  open  in  the  end  of  1876 
amounted  to  45,312  metres,  or  28  miles.  The  number  of  cars  in 
service  on  all  the  lines  was  84,  and  of  horses  750.  The  working 
expenditure  may  be  calculated  approximately  on  the  following 
basis : — 

Total  cost  per  day.  Mil<  s  travelled 

s.     d.  s.     d.  per  day. 

I  horse         3   7  to   4  o  12  to  19 

1  car  16  o  M  20  o  6d  „  80 

These  costs  include  the  whole  of  the  working  expenses, 
i'he  hrst  cost  of  Brussels  tramways  has  been  approximately  as 
follows ; — 

Cost  of  Tramways  in  Brussels. 

■ 

Way,  single  line  ^I»i70  to  ;^i,6oo  per  mile. 

Horses,  including  harness  aad  acces- 


sories   ^,"48  per  liorse. 

•Cars  in  service,  including  accessories  .  £^(x>  per  car. 

Stables,  sheds,  offices,  workshops,  &c., 

per  horse,  effective,  or  on  duty  .  ;^8o  to  i^ioo  per  horse. 


uiyui^cu  by  VjOOglC 
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Constantinople. 

The  tramways  of  Constantinople,  of  which  M.  Lebout  was  the 
engineer,  weie  constnicted  with  the  pattern  of  grooved  rail,  weigh- 


Fio.  160.  Tkam«a]pi  of  Coostaatinople :— Stction  of  nil,  kc.,  46  tba. 

per  yard.   Scale  i. 


I~l   i   i  U 


Fio.  161.   Tramways  of  Conatantinople Sectioii  of  halAwidth  of  street 

and  way.  Scale 


Fig.  16a.  Tlramwayt  of  Constantiaople.   Sectkm  of  a  nanov  sticet, 
wilhaaiagleliiieof  way.  Scale  iH* 

ing  46  lbs.  per  yard,  employed  in  the  Paris  tramways,  fastened  us 
in  Fig.  160.  The  rails  were  bolted  to  longitudinal  sleepers,  laid 
on  a  bed  of  sand  8  inches  deep,  spread  on  the  bottom  of  the 
excavation.  The  longitudinal  sleepers  were  connected  by  round 
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iron  tie-iods,  which  were  passed  through  them,  and  were  screwed 
up  by  nuts  at  both  ends  of  the  sleepers,  as  shown  in  the  section 
of  the  way,  Fig.  i6i.  Streets  of  from  15  feet  to  33  feet  wide  were 
paved  all  the  way  across,  as  shown  in  Fig.  163. 

The  rails  and  their  accessories  were,  according  to  M.  Goschler, 
before  quoted,  supplied  from  the.  Terrenoire  Works,  France, 
delivered  at  Constantinople,  at  the  following  prices : — 

Constantinople  Tramways. 

Per  ton. 

C    ».  d. 

Kails  and  fishes     ....      £^\o  is.  6d.  and       10  17  6 


Bolts  23  15  6 

Washers  31  16  6 

Tie-rods,  2  metres  or  6*56  feet  apart  53  9  o 

The  weight  of  material  per  yard  of  single  way  was  as  follows : — 

Per  lineal  jrard 
of  wax* 

Rails,  per  yard,  46  lbs  93 

Fishes  for  rails,  5  lbs.  each  .      .       .        i*5  . 

for  longitudinal  sleepers,    lbs.  each  .  1*38 

Bolts.  \  lb.  each  

Tie-rods,  13^  lbs.  each  3 

Total  per  yard  of  single  way    ...     100  lbs. 
Total  if  tie^rods  are  3  metres  or  6*56  feet 
apart  105  lbs. 

i.  d. 

Cost  of  laying  way,  including  carriage  and 

maintenance  for  one  year  ....  3  5  per  yard. 

Cost  of  laying  pavement  3  7l  n 


Mr.  Goschler  gives  an  analysis  of  the  accounts  of  the  Constan- 
tinople Tramways  for  r873,  which  contains  many  instructive* 
details.* 

•  "Les  Chemins  de  Fer  Necessaires/'  Compte  Rgndus  de  la 
SocHH  des  Inginimrs  Cwils,  1873,  page  366. 
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Moscow, 

The  first  section  of  the  tramways  of  Moscow  was  opened  in 
August,  1874  ;  and  in  1875  ^  ^^^^^  length  of  60  miles  of  tramway 


Fig.  163.    Moscow  Tramways  :— Section  of  line.    Scale  . 


was  opened  for  traffic.  The  way  was  designed  by  the  engineer 
of  the  tramways,  Colonel  Sytenko,  who  commenced  by  rejecting 
the  grooved  rail,  and  adopted  the  Vignoles 
type  of  rail,  laid  on  transverse  sleepers, 
Figs.  163  and  164.  The  rails  are  of  steel, 
from  the  works  at  Creusot,  weighing  36  lbs. 
per  yard  ;  they  are  made  to  a  height  of  5 
inches,  to  admit  of  the  juxtaposition  of 
paving  stones  of  sufficient  depth  above 
the  sleepers.  The  paving  stones  next  the 
rails  at  the  inner  sides  are  cut  to  form  a 
groove  for  the  wheel  flanges.  Counter-  yig.  164.  .Moscow  j  ram- 
rails,  it  appears,  have  only  been  found  ways :— Section  of  rail 
'     .  .  ,         ,  •  and  fish-joint.  V)  lbs. 

necessary  at  the  pomts  and  crossmgs,      p«ryard.   Scale  J. 

The  rails  are  laid  to  a  gauge  of  5  feet, 

upon  sleepers  placed  at  intervals  of  4  feet  3  inches.  It  is  believeil 
— and  it  is  likely — that,  on  this  system  of  way,  the  tractive  force 
required  is  a  half  less  than  that  required  for  the  ordinary  grooved 
rail. 


Leipzig. 

The  first  section  of  the  Leipzig  tramways,  consisting  of  the 
Promenade  line  round  Liepzig  and  branches  to  Rendwitz  and 
Connewitz,  together  about  6  English  miles  in  length,  was  opened 
on  May  18,  1872.    The  line  to  Lindenau  was  opened  in  Sep- 
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tembcT  of  the  same  year,  making  in  all  83  English  miles  of  way 
0|>en  for  traffic  in  1872.  There  are  now  altogether  five  lines 
open,  of  an  aggregate  length  of  1 1  '30  miles. 

The  rails  are  laid  to  a  gauge  of  4  feet  8^  inches,  on  what  is 
known  as  the  Vienna  system,  which  is,  in  fact,  similar  to  Loubat's 
way,  already  described,  page  296.  The  rails  are  of  iron,  and  they 
weigh  30  lbs.  per  yard.  They  are  3  inches  wide,  and  are  formed 
with  obliquely-facetl  flanges,  as  shown  in  Figs.  165  and  166.  They 
are  laid  on  longitudinal  timber  sleepers,  which  are  remarkable  for 


their  deep  and  narrow  scantlings, — 8  inches  deep  and  2}  inches 
wide.  They  are  chamfered  to  receive  the  rails,  which  are  fastened 
to  them  by  4i-inch  spikes,  passed  through  holes  punched  in  the 
flanges.  The  longitudinal  sleepers  are  laid  on  and  notched  into 
transverse  sleepers,  7  inches  wide,  5  inches  deep,  and  6  J  feet  in 
length,  placed  at  intervals  of  6  feet  between  centres,  and  lai<l  in 
ballast.  The  longitudinal  sleepers  are  secured  to  the  cross- 
sleepers  by  oak  wedges.  When  the  line  passed  through  streets 
already  paved,  the  pavement  was  renewed  for  the  whole  width. 
On  macadamised  roads  only  a  narrow  strip  of  paving  was  laid  on 
each  side  of  the  rail. 


Cass  EL. 

The  Cassel  Tramway  was  opened  on  July  9th,  1877.  to  be 
worked  by  steam  locomotives,  supplied  by  Messrs.  Merry  weather 


Fio.  1O5.  Leipzig  TrainwaN**  : — 
Section  of  rail,  &c.    Scale  \. 


P'iG.  166.  Leipzig  Tramw.iys  : — Sec- 
lion  of  rail,  30  lbs.  per  yaid. 
Scale  \. 
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and  Sons.  The  section  of  rail  is  shown  in  Fig.  167,  with  the 
section  of  the  wheel-i)  res  of  the  locomotives. 


FlO.  167.    Cassel  Tramway: — Section  of  rail  ami  whccl-lyrc.    Scale  \. 


Lisbon. 

A  concession  was  secured,  in  1873,  by  Messrs.  Edwin  Clark, 
Punchard  &  Co.,  for  the  construction  and  working  of  a  system 
of  tramways  in  Portugal,  51  miles  in  length,  from  Lisbon  to  Cintra. 
for  passenger  traffic,  and  from  Lisbon  to  Torres  Vedras,  for  goo<ls 
and  wine  traffi«  chiefly.  The  tramways  were  made  a  single  line, 
laid  on  common  roads  ;  they  were  to  be  worked  by  tank  locomo- 
tives, with  trains  of  passenger  cars  and  of  goods  cars,  at  a  speed 
of  I  5  miles  an  hour.  The  nding  gradient  was  i  in  20,  and  the 
quickest  curves  were  of  a  radius  of  25  feet. 

The  way  consisted  of  three  parallel  rails,  laid  on  transverse 
sleepers.  The  central  rail  was  an  iron  flat-footed  rail,  weighing 
36  lbs.  per  yard,  spiked  to  the  sleepers.  The  outer  rails  were 
wooden  trams  of  oak,  8  or  9  inches  wide,  and  3  inches  <leep,  laid 
to  a  gauge  of  4  feet  2  inches  between  centres.  The  cross-sleepers 
were  alternately  long  enough  to  take  all  the  rails,  and  short  enough 
to  take  only  the  middle  rail.  The  engine  and  the  train  were  guided 
by  the  central  rail ;  the  weight  of  the  train  restetl  on  the  central 
rail,  whilst  the  greater  portion  of  that  of  the  engine  rested  on  the 
wooden  trams,  through  the  driving  wheels. 

The  engines  had  two  steam  cylinders,  1 1  inches  in  diameter, 
with  a  stroke  of  18  inches;  the  driving  wheels  were  3  feet  9  inches 
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in  diameter,  by  14  inches  wide  at  the  tyres.  The  working  pressure 
ia  the  b<»ler  was  140  lbs.  per  square  inch.  The  engine  was  canied 
bjr  two  bogies,  one  before  and  one  behind,  arranged  as  Inqrdes, 
running  on  the  central  rail.   The  distance  between  the  centres  of 

the  bogies  was  13  feet  The  weight  of  the  engine,  empty,  was 
II  tons  \  \  cwt,  and,  in  working  order,  13^  tons,  of  which  81  tons 
wxs  availaltlc  as  driving  weight.  According  to  Mr.  Curr)-.*  tiicH' 
engines  were  ra])ahle  of  taking  a  train  of  six  passenger  «  arriaiic^, 
witi)  132  passengers,  weighing  altogether  22I  tons,  up  an  luciuie 
of  I  in  ao.  The  heaviest  goods  train,  taken  up  the  same  incline, 
consisted  of  six  waggons,  weighing,  with  goods,  28}  tons. 
It  ajqpears  diat  these  tramways  have  been  abandoned. 


Wellington  City  Tramways,  New  Zealand. 

In  the  design  of  these  tramways,  Fig.  168,  constructed  in  1878, 
to  a  gauge  of  3  feet  6  inches,  it  seems  that  the  best  results  of 

experience  in  Europe  and  America 
have  been  ignored.  The  rail  is  a  flat 
bar,  3i- inches  wide,  i  finches  thick, 
grooved  to  a  depth  of  I  inch,  and 
leaving  only  jj  inch  thickness  of  metal 
under  the  groove.  The  rail  is  spiked 
through  the  groove  to  a  longitudinal 
sleeper  4  inches  wide  and  6  niches 
deep.  The  longitudinal  sleepers  rest 
on  transverse  sleepers,  6  inches  wide 
by  4  inches  deep  and  5  feet  long, 
])Iaoed  at  distances  of  3  feet  5  inches 
apart  between  centres.  The  cross-sleepers  are  fastened  to  the 
longiuidinal  sleepers  with  a  small  knee  on  each  side,  and  one 
spike  each  way. 

•  "The  Lisbon  Street  Trarri  way."  a  paper  read  March  (>.  iS;^,  at 
the  Institution  of  Civil  Engineers,  by  Mr.  Matthew  Curry,  Jun., 
Stud.  Inst.CE. 


FlO.  168.  Wellington  Ciir 
Tramways :  —  Section  dr 
n9,  &c.  Scab  |. 
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BuENOb  Ayres  Tramways, — Liyesey's  Metal  Way. 

Mr.  James  Livesey,  so  early  as  in  1869,  advocated  the  emi)loy- 
ment  of  an  iron  substructure  for  tramways,  constructed  on  the  prin- 
ciple of  the  modern  railway,  with 
intermittent  bearings,  substituting  for 
the  continuous  wood-sleeper  system,  T^^\ 
with  the  objectionable  vertical  spike       ,  /  . 
fastenings  then  in  vogue,  a  rail  of 
sufficient  siiflfness  supported  on  and 
solidly  and  simply  fixed  to  cast-iron 
bearings  or  stools  at  intervals.  In 

his  patents  of  that  year  he  showed    l"  '*'-  l<>9-  Buenos  Ayres  Tram- 
,        .    .        -  .  ,         ,       ways: — Livesev's  Steel  Rail 

several  varieties  of  iron  and  steel      Sybtcm.   Scale  i. 

tramway,  of  which  two  kinds,  shown 

in  Figs.  169  to  172,  were  laid  to  a  gauge  of  4  feet  8i  inches,  in 
the  city  of  Buenos  Ayres,  the  first  section  having  been  oi)ened  in 
October,  1870. 

The  steel  grooved  rail,  Figs.  169  to  1 7 1,  was  employed  for  the  city 
lines.  It  weighed  40  lbs.  per  yard,  and  it  was  rolled  in  lengths  of 
24  feet    It  was  3^  inches  wide,  and  2  i  inches  deep  at  the  roil- 


FiG.  170.    Buenos  Ayrcs  Tramways: — Livesev's  Steel  Rail  System. 

Scale  tu'. 

ing  side,  being  formed  with  deep  flanges,  so  as  to  derive  the 
practical  maximum  of  strength  from  a  given  quantity  of  material. 
The  tread  was  i  f  inches  wide,  the  groove  is  i  J  inches  wide  and 
li  inch  deep.  The  width  of  the  groove  is  more  than  is  usual  in 
English  tramways,  but  the  >\ndth  is  not  inconveniently  great,  as  the 
narrowest  wheel  tyres  of  common  road  vehicles  at  Buenos  Ayres 
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are  3  inches  in  width.  The  least  thickness  under  the  tread  is 
\  inch,  and  at  the  sides  inch. 

The  rails  were  laid  on  stools  at  distances  of  3  f  eet  apart  between 
the  centres,  except  at  the  jumts  of  the  rails,  where  an  extra  stool 
was  placed  under  the  joint.  The  >tools  are  bolted  to  baseplatesof 
wrought  iron,  corrugated,  two  stools  to  each  baseplate,  except  at  the 
joints,  where  diere  were  Aree  stools  on  the  baseplate.  The  base> 
plates  are  4  feet  6  inches  in  length,  5^  inches  wide,  and  \  inch 
thick.  The  stools  were  each  3  J  inches  long,  and  afforded  a 
bearing  of  that  length  for  the  rail.  The  rail  was  rolled  so  as  to 
form  a  dovetail  with  the  stool,  and  by  means  of  wedge-shapetl 
keys  it  was  firmly  held  down.    At  the  joint,  the  rails  were  fixed  to 


Fig.  171.  Livea^'t  Steel  Rail.  Scale 


the  chair  by  two  wetlge-headed  bolts  and  nuts.  The  sides  of  the 
rail  were  f^ush  with  those  of  the  stools,  and  toi^cthcr  they  offered 
vertical  walls  for  the  close  abutment  of  the  {javenK-nt.  Mr. 
Livesey  was  of  opinion  that  in  dealing  with  such  hard  and  rigid 
materials,  wTought  iron  is  preferable  to  cast  iron  as  a  material  for 
the  base,  and  that,  on  the  contrary,  cast  iron  is  preferable  to 
wrought  iron  for  the  standards  or  stools,  since  the  greater  mass  of 
cast  iron  absorbs  the  blows  of  the  traffic,  and  does  not  import,  like 
wrought  iron,  a  tremulous  movement  to  vehicles.  The  rails  were 
tied  to  gauge  by  wrought-iron  tie-bars,  \\  inches  deep  and  I  inch 
thick,  at  distances  of  3  feet  apart.  They  passetl  through  the 
stools  and  were  notched  to  fit  into  them,  and  keyed  into  position. 
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The  quantities  and  costs  at  cunent  prices  (July,  1877)  were  as 
follows : — 


LiVESET*s  Groovk.rail  Tramwav,  Per  Mile,  Single  Line. 

Toai. 

440  leni^^  of  Steel  grooved  raiis,  24  feet  long,  at  40  lbs.  per 

yard  

440  X  4  =  1,760  wrought-iron  baseplates,  22^  lbs.  each 
440  X  8  =  3.520  cast-iron  stouU,  9^  lbs.  each  \ 

joints,  15  lbs.   „  J 


440 

440  X  4  «  1,760  wiought-iron  tie-bars,  lo^  lbs.  each 
1*760  X  3  M  3i5SO  cotters,  6  ozs.  each 
3,520  +  440  =  3,960  X  2  =  7,920  base  bolts,  7  OZS.  each 
3.520  wrought-iron  bent  keys,  i  \  lbs.  each 
440  X  2     880  wrought-iron  joint  bolts,  i  lb.  each 

Total  weight  per  mile,  single  line 


63 

»775 
18 


8 

0*60 
1*60 
2 

o  40 


Taken  at  ^9  per  ton,  in  the  gross,  the  cost  for  the  material 
amounts  to     1,002  per  mile. 

The  tramways  which  have  been  made  with  timber  .substructures 
in  Buenos  Ayres,  have  been  taken  up  and  replaced  by  iron 
structures. 

The  second  kind  of  tramway,  Fig.  172,  used  in  the  suburban 
districts  of  Buenos  Ayres,  has  a  flanged,  or  Vignoles'  rail,  buch  as 
IS  used  on  railways,  excej)t  that  it  is 
rolled  with  the  flange  narrower  at  one  side 
than  at  the  other,  to  admit  of  the  jiaving 
sets  at  the  outer  side  being  laid  clo.se  to 
the  head  of  the  rail.  The  extra  width  of 
flange  at  the  inner  side  determine.^  the 
width  of  the  groove  in  the  pavement  for 
wheel  flanges,  and  it  acts  as  abutment  for 
the  contiguous  paving  sets.  The  rail  is 
placed  on  a  cast-iron  stool,  to  which  it  is 
fixed  by  a  hook  bolt  and  nut ;  the  btool  is  bolted  to  a  flat  wrought- 
iron  baseplate,  which  rests  on  the  foundation.  The  stools  are 
tied  to  gauge  by  means  of  cross-bars  and  cotters. 


Fig.  172.    Buenns  AyTCS 
Tramways :  — Livesey's 
Inm  Rad  System. 
Scale}. 
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There  have  beai  nearly  loo  miles  of  tramway  laid  on  Mr. 
Livesey's  system  in  the  city  of  Buenos  Ayres.  This  may  be  called 
the  City  of  Tramways,  where  a  tramway  nms  down  nearly  ereiy 

street. 

In  this  connection,  it  may  he  noted  that  Mr.  Livesey.  in  his 
patent  of  February,  1875,  describes  a  mcdiod  of  maiutainuig  the 
stone  sets  of  the  pavement  next  the  rails  at  the  same  level  as  the 
rails.  The  rail  is  laid  on  a  longitudinal  sleeper,  which  rests  on 
"a  flat  plate  sufRdently  wide  to  project  under  the  first  row  of 
stones  on  eadi  side  of  the  raiL** 


C0CKBURM-MUIR*S  ISON  WaY.  | 

Mr.  W.  J.  Codcbum-Muir  patented,  in  November,  1870,  a 
system  of  iron  way,  for  railways,  light  railways,  and  tramways,  of 

simple  design,  whidi  he  calls  the  "  block  sleeper "  system,  in  | 
which  the  rail  is  supported  at  regular  intervals  on  cast-iron  stools 
or  blocks.  It  is  shown  in  Figs.  173,  174,  17  5,  as  employed  for  tram- 
ways. The  rails  are  of  wrought  iron,  rolled  in  lengths  of  21  feet  ; 
they  are  formed  witli  the  ordinary  groove  on  the  upix.T  side,  and 
With  a.  vertical  web  on  the  underside,  to  impart  to  the  rails  the 
oeedfid  vertical  strength  between  the  bearings ;  they  weigh  30  lbs. 
per  yard,  and  are  $  inches  in  width.  The  sleepers  are  cast-iron 
blodcs,  rectangular,  hollow,  open  at  the  base,  and  ribbed  interiorly. 
Th^  are  about  1 1 1  inches  long,  7 .}  inches  wide,  and  6  inches 
deep,  outside  dimensions ;  and,  for  ordinary  traffic,  they  arc  laid  at 
3  feet  6  inches  apart  between  centres.  The  span  between  the  sleepers 
is  only  2  feet  6J  inches.  They  are  laid  upon  the  floor  of  the 
excavation,  or  upon  a  prepared  bed  of  concrete.  In  laying  they 
are  turned  upside  down,  filled  with  gravel  or  coarse  sand,  and 
closed  with  a  band  board,  then  returned  into  place  when  tiie 
board  is  slipped  out.  The  weight  of  one  block  is  from  43^  lbs.  to 
48  lbs.,  according  to  the  nature  of  the  traflic  The  blocks  aie 
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chequered  on  the  upper  surface  to  give  foothoM ;  they  act 
as  paving  sets,  and  are  integral  portions  of  the  paving  of  the 


Fig.  173.    Cockburn-Muir's  IroD  Way  at  Monte  Video,  &c. 
Streets.    As  the  sleepers  alternate  with  the  stone  sets  next  the 


Fig.  174.    Cockburn«Muir's  Iron  Way  : — View  of  sleeper  and  rail. 


rails  at  each  side,  the  formation  ol  ruts  or  furrows  at  the  sides  o! 
the  rail  is  prevented. 
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The  rails  are  rolled  with  a  fillet  on  the  outer  side  to  fit  into  a 
corresponding  groove  in  the  recess  of  the  blocks.  The  recess 
is  formed  to  receive  the  rail,  which  fits  it  exactly,  except  at  the 
outer  side  of  die  rail,  where  a  key  or  wedge  of  cast  iron,  r3  inches 
long,  is  driven,  taking  a  bearing  for  the  whole  length  of  the  block, 
and  fixing  the  rail  to  the  block.  As  the  rail  rests  solidly  on  the 
block  for  its  whole  length,  the  key  also  acts  as  a 'fish  at  the  joints 

of  the  rails,  and  the  actual  span  of 
the  rail  is  reduced  to  the  distance 
between  the  sleepers,  or  2  feet  61- 
inches. 

The  sleepers  .irc  conncctcil  trans- 
versely, and  tied  to  gauge,  by 
A\TOUght-iron  bars,  which  are  jiassed 
right  through  the  blocks,  into  \\  Inch 
thev  arc  keved  at  the  outer  side. 

The  depth  of  the  sleepers  aftbrds  space  for  a^-inch  bed  of  sand, 
and  paving  set.s  5^  inches  dcej). 

Mr.  Cockburn-Muir's  system  was  adopted  for  all  the  tram- 
ways at  Monte-Video.  It  is  also  in  use  at  Buenos  Ayres,  Salto, 
and  Bahia,  and  short  lengths  have  been  laid  at  Vienna  aiul 
Palermo.  \1  Monte- Video  the  gauge  of  one  of  the  lines  is 
4  feet  Toi  inches,  and  that  of  all  the  others  is  4  feet  %\  inches. 
At  Bahia  one  part  of  the  line  is  laid  to  a  gauge  of  4  feet  8A  inches, 
and  another  part  to  a  gauge  of  2  feet  5 A  inches.  At  other  places 
this  system  has  been  ;nlo|)ted  on  a  gauge  of  4  feet  S.V  inches. 

The  quantities  of  iron  per  single  mile  of  4  feet  3^  inches  gauge 
are  as  follows : — 


Fi  G .  175.  Cocktrarn  -  Mnir*s 
Iron  Way  : — Rail,  sleeper, 
and  iasteniiigs.   Scale  tV* 


W.  J.  COCKBURN-MUIR'S  TRAMWAY,  PER  MiLE,  SiKGLE  LINE. 

Tom.  Cwu.  Qn. 


Rails,  wrouj^ht  iron,  at  30  lbs.  per  yaid 

•  47 

,•) 

0 

8jo  tie-bars,  at  ;|  lbs.  each 

2 

13 

1,600  cotters  for  tie-bars,  at  0*15  lb.  each  . 

0 

2 

I 

3,018  block  sleepers,  at  43^  lbs.  each.  . 

.       .  58 

12 

I 

3,018  wedge  keys,  at  2\  lbs.  each 

7 

2 

Total  weight 

.  tit 

18 

3 
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The  cost  of  the  materials  complete  amounted  (1877)  to  about 
jCSyo  per  mile,  single  line. 

Portions  of  Mr.  Cockbum-Muir's  rail,  weighing  30  lbs.  per 
yard,  were  tested  by  Mr.  Kirkaldy,  as  the  rolling  proceeded, 
for  tnnsvene  strength,  at  the  rate  of  one  sample  for  every  100 
rails.  The  test  rails  were  laid  on  a  span  of  2  feet  7i  inches 
between  the  tappoits,  and  they  were  tested  by  loads  applied  at  the 
middle.  The  following  are  average  results  of  tests  of  ten  sped- 
mens  of  rail : — 

Total  load  applied,  5, 000 lbs.  or  2  23  tons.  6,800  lbs.  or  3*03  tons. 
Deflectioot  *26  inch        „  ,.  *6oinch. 

Set  -01    „  „  „        '41  „ 

Elasticlimit  of  load      .....   5,200  lbs.  or  2*32 
Ultimate  load  applied  .....  9,073  lbs.  or  4*05  „ 

All  the  specimens  were  removed  unbroken.  Mr.  Cockbum- 
Muir  stated  that  the  greatest  weight  which  in  practice  comes  upon 
the  rail  does  not  exceed  3,500  lbs.,  or  1*13  tons.  This  is  just 
half  the  elastic  strength  of  the  rail. 

After  hav  ing  been  down  in  Buenos  Ayres  upwards  of  ten  years, 
Mr.  Cockbum-Muir's  way  stood  well,  and  gave  great  satisfaction. 
The  manager  <^  the  tramways  there,  Mr.  H.  W.  Ford,  reported 
in  September,  1880,  that  having  during  the  preceding  two  years 
watched  the  working  of  three  miles  of  this  way,  the  Puente  Ulsina 
line,  laid  on  a  very  bad  road,  together  with  other  lengths  in  the 
aty  streets,  he  arrived  at  the  conclusion  that  this  was  "  the  I  est 
horse  tramway  in  that  part  of  the  world."  The  block  sleej)ers,  he 
added,  stood  remarkably  well,  and  were  easily  packed  ;  they 
resisted,  without  harm,  the  blows  of  the  heavy  ox-carts,  and  one 
reason  for  dieir  stabili^is  no  doubt  to  be  found  in  the  block-and> 
key  combination,  which  constitutes  "an  efficient  equivalent  for 
fish-plates,  keeping  the  rail  joint  stiff  and  true." 

Subsequently,  Mr.  Cockbum>Muir,  at  the  instance  of  others, 
adopted  steel  for  the  material  of  his  rails,  selecting  Siemens  steel, 
for  extensions  of  the  lines  of  tramway  in  Monte-Video.  The 
Lima  tramways  also  were  constructed  with  Siemens  steel  rails  on 
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this  system.  Tiiese  steel  rails,  weighing  30  lbs.  per  yard,  and 
measuring  3  "05  inches  in  extreme  width,  and  2*35  inches  in  depth, 
have  been  tested  for  tmnsvene  stiengtlu  They  were  tested  in 
lengths  of  feet»  laid  on  supports  at  a  distance  of  a  feet  7}  inches 
apart.  The  best  of  five  samples  yidded  the  following  results 

Stress  at  the  middle.  l>cficction  (steel  rail). 

5^000  lbs.  *i2  inch 

r,ooo  „  -19 

io,(X>)  „ 
li^oo  „  43  „ 

i».500  „  -62  „ 

i7,5o<J  „  2-69  „ 

or 


Plotting  these  deflections  as  ordinates  to  a  base  line  represent- 
ing the  stresse*?,  and  drawing  a  curve  through  the  ends,  it  appears 
that  the  yielding  point  of  the  cur\'e  corresponded  to  a  stress  of 
9,000  lbs.,  or  4  tons,  at  the  middle,  where  the  deflection  was  '25 
indi.  This  load  of  4  tons  should  be  taken  as  the  measure  of  the 
clastic  limit  of  strength.  But  Mr.  CocklNim«Muur  prefers  to 
fix  the  limit  at  the  stress  under  which  permanent  set  commences 
to  take  place,  which  in  this  instance  amounted  to  x  1,300  lbs.«  or 
5  tons,  when  the  deflection  was  "43  inch.  The  average  results 
for  the  five  samples  which  were  tested,  when  permanent  set  began, 
were  as  follows : — 

Elastic  limit  of  load,  according  to  Mr. 

Cockburn-Muir        .....    10,320  lbs.  or  4<6l  tOOS 

Maximum  deflection  without  permanent  set  '40  inch. 

Ultimate  load     ......  17*766  lbs.  or  7-93  tons. 

Deflection.— 3  rails  remuned  imbioken  at  6  inches  of  deflection ; 

2  rails  weie  broken  at  5*8  inches  of  deflection. 

The  maximum  weight,  i'i2  tons,  or  2.500  lbs.,  that  could  be 
placed  oa  the  rails  when  in  place  at  tlicir  destination,  leaves  ample 
margin  of  strength.    The  deflection  under  that  weight  at  the 
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middle  docs  not  exceed  "06  inch,  iV  inch,  when  the  rail  is  free  on 
the  supports.  But,  regarding  the  rail  as  a  continuous  beam,  as  it 
practically  is,  when  keyed  into  the  block  sleepers,  the  deflection 
must  be  somethiiig  less  tliati  a  fourth  of  this,  or  1^  inch.  This,  it 
u  needless  to  add,  malces  a  sufficiently  stiff  way  for  the  locali^. 

Where  the  general  traffic  of  the  street  is  heavier  than  Uie  finut 
above  sHUed,  of  course  the  rail  should  be  proportionately  stronger. 
But  there  is  a  plentiful  reserve  of  stiffness  in  Mr.  Cockburn-Muir's 
way.  which  is  attributable,  not  only  to  the  compactness  of  the 
rail  in  section,  but  iu  great  measure  to  the  scope  and  firmness  of 
the  fastenings. 

To  ooropore  these  sled  rails  mtfa  the  iron  rails  of  the  same 
section  and  wdgbt^  30  lbs.  per  yard,  already  noticed,  the  following 
ace  conespondmg  results  of  tests  f<v  transverse  strengdis  of  ten 

samples  of  iron  rails.  The  results  for  the  best  samples  were  as 
follows.  On  bearings  2  foet  7^  inches  apar^  loaded  in  the 
middle : — 

Strcsi  at  the  middle  Ueflcctioo  (irao  nil). 

3.800  lbs.  "09  inch 

4iOOO  „  *io  „ 

4i«>o  „  11,, 

4.600  ,,  13 

5,000  „  •14  „ 

S,6oo  „  "'7  »• 

5/>5o     Elastic Uinit,according to Mr.Cockbum<Muir. 

6,000  „  -23  inch 

6,600  „  '35 

7,000  „  '48  » 

;/>oo  „  76  „ 

8,000  ,,  '98  „ 

I  ultimate  stress  6x10  ..(unbroken) 

The  average  results,  akeady  given,  for  the  ten  samples,  are  here 
repeated  for  the  sake  of  comparison. 

Elastic  limit  of  load,  according  to  Mx* 

Cockbum-Miur   5,aoo  lbs.  or  3*33  tons. 

Maximum  deflectioD  without  permanent  set  '16  inch. 

Ultimate  load   9,073  lbs.  or  4*05  tons. 
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The  average  elastic  limits  given  for  the  iron  xails  and  the  steel 
imIs  respectively  are  5,200  lbs.  and  10,320  lbs.,  whilst  the  corres- 
ponding deflections  without  permanent  set  are  *i6  inch  and  '40 
inch,  indicating  that  whilst  the  elastic  strength  of  the  steel  rails  is 
double  that  of  the  iron  rails,  the  deflection  is  more  than  double, 
and  that  the  stiffness  of  the  steel  rail  is  practically  not  more  than 
that  of  the  iron  laiL  Under  the  medium  stress,  5,000  lbs.,  or 
2\  tons,  the  deflections  are  respectively  *i4  inch  and  *i3  inch  for 
iron  and  steel,  showing,  in  practice,  equal  stiffness. 

The  weight  of  metal  in  Mr.  Cockbum-Muir*swayhasafaready  been 
given.  It  remains  the  same  with  the  steel  rail  of  30  lbs.  per  yard, 
making  11 1  tons  z8f  cwt  per  mile,  single  line,  the  cost  of  which 
at  current  prices  (March,  1881}  amounted  to  about  ^£900  \ytx  mile, 
averaging  about       per  ton. 


Mannheim  and  Ludwigshafen. — ^De  Feral's  Iron  Way. 

The  iron  way  of  M.  de  Feral  consists  of  a  girder-niil  laid  on 
wrought-iron  sleepers,  with  clip-fastenings.  It  was  first  laid  at 
Metz,  by  M.  Feral,  for  a  length  of  8^  miles,  opened  in  October, 
1876 ;  then  at  Ludwigshafen  for  a  length  of  6^  miles,  opened  in 
May,  1878  ;  at  Leiden,  for  a  length  of  5  miles,  oi)ened  in  Novem- 
3jer,  1879  ;  ^^^^^^  Antwerp,  for  a  length  of  3 J  miles,  opened  also 
in  November,  1879. 

The  flange-rail  and  the  base-plate,  shown  in  section,  l-'ig.  176, 
are  both  of  rolled  iron.  The  rail  weighs  23  kilogrammes  per 
metre,  or  46 i  lbs.  per  yard,  and  is  rolled  in  lengths  of  6V  metres, 
or  21  feet  4  inches.  They  are  15  centimetres,  or  5*9  int  hes,  deep. 
The  head  of  the  rail  is  2-iV  inches  wide,  of  which  the  tread  is 
I  ,V  inches  in  width,  and  the  remainder  is  a  horizontal  flange  pro- 
jecting from  the  base  of  the  head  to  form  a  groove  in  conjunction 
with  the  j)aving  stones.  The  flange-base  is  3  inches  wide.  The 
base  and  the  web  average  9  millimetres,  or  '35  inch  in  thickness. 
The  fish-plates  are  8  inches  long,  and  -^^  inch  thick,  and  are  iixed 
with  four  fW-incb  bolts  and  nuts,  two  deep. 


DE  FERAUS  IRON  WAY. 


The  base  is  not  continuous,  but  consists  of  rolled  iron  ribbed- 
plates,  '35  inch  in  thickness,  iij  inches  wide,  having  three  vertical 
ribs  on  the  lower  side  ;  making  the  total  depth  of  the  base  2  J  inches. 
These  are  similar  in  section  to  the  Hilf  sleeper  laid  in  Continental 
railwax  s,  and  they  take  a  secure  hold  of  the  subsoil.  They  are 
about  S  inches  long  intermediately,  and  about  1 1  \  inches  long  at  the 


Fig.  1:6.    De  Ftral's  Way,  Mannheim,  Ludwigihafen.    Scale  \. 

joints.  The  rails  are  fixed  to  the  bases  by  means  of  clips  riveted 
at  one  side  of  each  chair,  and  bolted  at  the  other.  The  bases 
are  laid  at  distances  of  5  feet  4  inches  apart  between  centres. 

The  iron  sleepers  are  simply  laid  in  the  bottom  of  the  space 
cleared  for  the  way.  J  here  is  not  any  other  preparation  or  foun- 
dation. 

Approximate  Quantities  per  Mile,  Single  Line,  of 
De  Feral's  Way.  i8;8. 

Iron  Rails,  46  lbs.  per  yard  73  tons 

Base-plates  :— 496  joints  @  22  lbs  4  9  ,. 

1, 4«8  intermediates  ^  13  lbs.  .  .  8*6  ,, 
Fish-plates,  496  pairs  (a  7^  lbs.  per  pair  (bolts  extra)  i-6  „ 
Tie-rods,  744  at  4^  lbs.  each  i  - 


Total  weight;      .       .       .    89  6  tons. 


326 


CONSTRUCTION  OF  I'RAMIVAYS, 


Here  foUoir  notices  of  three  South  American  tramways  of  xeoent 
design,  in  which  the  girder  rail  is  employed:— 

City  of  Buenos  Ayres  Tramways 
(Mr.  Edwaid  Woods,  Engineer). 

Origmal  &k/mw.— The  girder  laib,  Fig.  177,  are  of  steel, 

weighing  103  lbs.  per  yard.  Thqr  stand  6^  inches  high,  6  inches 
wide  at  the  base.  The  webs  of  the  rails  are  i  inch  thick  ;  the 
heads  are  3;^  inches  wide,  and  the  grooves  are  i  inch  wide.  The 
fish-plates  are  J  inch  thick,  18  inches  long,  weighing  22  lbs.  per 
pair,  aud  fastened  with  four  J-incli  bolts  and  nuts.   The  maximum 


FlOS.  177  and  178.   City  of  Buenos  Ayres  Tramways     SccdoBS  of  nul  ud 

futenings.  Scale  ^. 


length  of  the  rails  is  27  icct,  for  each  pair  of  which  there  are  five 
cross  iron  tie-bars,  s  inches  by  i  inch,  slotted  and  fixed  with 
cotters. 

Amended  SeeHon,  Rg,  178.— A  slight  addition  to  the  weight  of 

the  rails  was  made,  to  the  extent  of  3  lbs.  per  yard,  making  a  total 
of  106  lbs.  per  yard.  The  fish-plates  w^ere  extended  to  a  length  of 
24  inches,  and  to  inch  thick,  or  x\  inch  thicker  than  the  original 
plate  ;  and  there  arc  six  bolts  and  nuts  to  each  pair  of  fishes. 
The  weight  of  fish-i)latcs  was  thus  augmented  to  36  lbs.  per  pair. 
The  quantities  per  mile  of  way,  single  line,  are  as  follows : — 
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Cmr  OF  Bu£Nos  Ayses  Tramways. — Quantities  of  Way, 

Single  Line. 


Rails 


Fish-plates 


Fish-bolU 


Tie-bars  • 


Tie^bar  cotters 


Original  aecUoR. 


Weight  per  yard 


I 


mile 

Weight 
Pairs 

> » 

pair 
mile 

Weight 

t» 

>i 

Weight 
Number 

i» 

bolt 
mile 

Weight 

>r 

ft 

Weight 
Number 

»» 
»» 

bar 
mile 

Weight 

Weight 
Number 

> ' 

cotter 
mile 

Weight 

»» 

ft 

103  lbs. 

tn%.  cts.  q.  Ib«. 

161  17  o  16 


106  lbs. 

tn«.  CM.  q.  lbs. 
166  II  I  JO 


22  lbs. 
400 


tns.  cl«. 

3  »8 


f].  U-s. 
2  8 


I  lb. 
1,600 

14    I  4 


36  lbs. 
400  pairs 

tnt.  ctf.  q.  lh«. 
6828 


1  lb. 
2,400 

toStCCi.  q. 
I    t  I 


20 


16  lbs. 

1,000 

tnf .  cts.  q.  Iba. 
7    2    3  12 

\  lb. 
4,000 

cts.  q.  Ibt. 
17    3  12 


16  lbs. 

1 ,000 

tns.  cts.  q.  Ibt. 
7    2    3  12 


Mb. 

4,000 

rts.    q.  lbs. 

17  3  12 


I 


Rails  • 
Pish-pl.ites 
Fish-bolts 
Tie>hars  • 
Cotters  . 

Tons 


Total  Weight  oi-  Materials  Per  Mile. 

tns 


tna. 
161 

3 
o 

7 
o 


lbs. 
16 

8 

4 
12 

17  3  12 


cts.  q. 

o 

2 

14  I 

a  3 


ett.  q.  lbs. 

166     II  I  20 

6       a  2  8 

I  I  20 

a  3 


I 

7 
o 


12 

17  3  12 


174  10 


22 


182     3   o  16 


The  cost  of  the  material,  according  to  the  amended  section,  as 
above,  per  mile  of  way,  delivered  in  Antwerp,  was,  in  1891, 

Tests  for  Kails  op  the  Ahendep  Sectiok. 

The  rails  were  tested  by  Mr.  Woods  in  the  following  manner : — 
ist,  ByFalUtig  Weight, — A  piece  of  rail  10  feet  long  was  placed 
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on  bearings  3  feet  6  inches  apart  centre  to  centre,  and  a  weight 
of  I  ton  was  allowed  to  fall  on  its  middie  point.  The  first  blow 
was  from  a  height  of  10  feet;  the  second  15  feet,  and  the  third 
20  feet.  The  average  amoimts  of  bending  produced  by  these  blows 
were : — 

For  I  St  blow  I '56  inches. 

2nd  3-29  M 
3rd    ,,     5-55  t. 

2fii/.  By  Pressure  Tests. — A  piece  of  rail  10  feet  long  was  placed 
on  bearings  3  feet  6  inches  apart,  centre  to  rcntrc,  and  pressure 
was  applied  at  the  middle  point  The  following  were  the  average 
results : — 


Central 
pressure* 
Tons. 

20 

as 

30 

35 
40 


Averatjo 
deflection. 
Inches. 

0-054 
0*064 
o*tot 

0-134 
0*187 


A  venire 
prrmanrnt  Mt. 
Inchfi. 

0*0 

0*0 

0*0 

0*0 

0*024 


2ird>  By  Tests  for  Tettsik  Straigih  and  Ductility. —'Wit  average 
tensile  strength  per  square  inch  of  ordinal  section  was  33*r  5  tons. 

The  average  reduction  of  area  at  the  place  of  rupture  by  tensile 
stress  was  49  per  cent  of  the  original  section. 

Buenos  Ayres  Grand  National  Tramway. 

Sir  George  B.  Bruce^  the 
engineer  of  this  tramway,  em- 
ployed girder -rails,  wdghing 
75  lbs.  to  77  lbs.  per  yard,  bedded 
on  concrete.  The  rails,  Fig.  179^ 
are  6  inches  high,  and  6  inches 
wide  at  the  base,  in  lengths  of 
30  feet  The  web  is  |  inch  thick ; 
the  head  is  3}  inches  wide ;  the 
groove  is  i  inch  wide.  The  joints 
^'f;      1  5"^"°*  are  fished  with  two  plates  A  inch 

Nationnl  1  ramway :  Section  of       , .  -       ,  *    •      ,  ...  # 

Rail  and  Joint.    Scale  \.  »)ckf  16  mches  long,  With  four 
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l-'iG.  180.  La  Plata  Tramways : 
—  Section  of  rails  and  fiuten- 
ings.   Scale  \. 


J-inch  bolts  and  nuts.  The  rails  are  tied  to  gauge  with  slotted 
tie-bars  i\  inches  by  \'i  inch,  with  cotters,  of  which  there  are 
six  for  each  30-feet  rail,  at  5  feet 
intervals.  The  gauge  is  4  feet 
8^^  inches.  The  surface  is  paved 
with  granite  sets. 


La  Plata  Tramways. 

The  giider-ratl,  Fig.  180,  designed 

by  the  engineer  of  La  Plata  Tram- 
ways, Sir  Douglas  Fox,  weighs  7  5  lbs. 
to  76  lbs.  per  yard.  They  are  6  inches 
high,  5^  inches  wide  at  the  base, 
with  g-inrh  webs.  The  head  is 
2%  inches  wide,  with  a  groove 
I  inch  wide.  The  fish-phites  are  of 
i*inch  metal,  widi  |-inch  bolts  and 
nuts. 


American  Practicb. — ^High  Gir- 
der Kail,  Philadelphia  Type. 

This  rail,  Fig.  iSi,  is  an  adapta- 
tion of  the  Philaddpbia,  or  step 
rail,  already  noticed,  to  the  girder 

rail.  The  rail  is  9  inches  high, 
5  inches  wide  at  the  base;  the 
step  is  I J  inches  high,  and  the 
total  width  of  the  head  is  5!  inches. 
The  web  of  the  ordinary  girder-rail 
is  usually  pared  down  to  a  thickness 
of  from  \  inch  to  iV  inch*  So  far, 
it  has  been  noted,  none  of  the 

leading  patterns  of  girder  rail  has  iiuled  in  consequence  of  beiog 
too  thin. 


FlO.  181.    Ili^h  Girder  Rail. 
PUbdelpbia  type.  Section. 


I 


1 


CHAPTER  XXVII. 

THE  GIRDER  RAIL. 

The  girder  rail  was  originally  invented  nnd  patented  by  Mr. 
Charles  Hurn,  in  ( )ctuber,  iS6o,  vTt  c  nrding  lo  the  section,  Fig.  182, 
which  is  well  proportioned,  and  is,  iu  fact,  a  modification  of  the 

Vignoles  rail  for  railways.  It  was  re- 
invented and  patented  1^  M.  Achille 
Legrand,  of  Pazis,  in  January,  1877, 
according  to  the  section,  Fig.  183. 
Mr.  J.  Gowans  patented,  in  July.  1878* 
a  modification  of  the  girder  rail,  Figs. 
35.  36  (pp.  132,  133),  in  which  the  liase 
flange  is  wider  at  the  outer  side,  under 
the  tread,  than  ai  the  inner  side.  Open- 
ings were  made  through  the  web  of  the 
rail  at  short  interval^  in  order  to 
lighten  the  rail,  and  to  admit  of  the  binding  of  the  concrete 
packing  through  the  rail.  This  rail  was  tried  experimentally  in 
Edinburgh  in  1S77— 78,  and  in  Dundee  in  1879. 

Although  the  girder  rail  was  not  in  any  sense  the  invention 
of  Mr.  Gowans,  yet  to  him  belongs  the  merit  of  introducing 
and  testing  the  girder  tyi)e.  By  the  rule  of  experience  it  has  been 
made  evident  that  built-up  rails — mils  constructed  of  two  or  more 
pieces— are  not  suited  for  tramway  service,  especially  with 


1 

^ — fh..  ...J 

FlO.  182.  Btirn's  Girder  Kail, 
Section. 


locomotion  i  and  that,  like  railway  rails,  it  is  necessary  that  they 
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should  be  rolled  as  one  piece.  The  tramway  girder  rail  is  a  clear 
instance  of  the  survival  of  the  fittest ;  although,  singular  to  say, 
it  was,  as  above  noted,  announced  to  the  world  nearly  twenty 
years  before  it  was  brought  into  practical  use. 

Though  the  foregoing  evidence,  supplied  by  a  few  leading  tram- 
ways in  &voiir  of  tfie  gixder  rail,  led  vp  to  tlw  employment  isi  tiie 
girder  nul  in  tiie  case  of  the  Glasgour  Tramivays,  the  Kincaid 
TiamwaySf  and  the  Manchester  Thunways,  there  is.  a  notable 
exception  in  the  case  of  the  Liverpool  Tramways,  in  the  develop- 
ment of  which  the  Deacon  system  has  been  retained.    Much  of 
the  excellence  of  this  system  is  fairly  due  to  first-rate  material  and 
workmanship,  to  the  general  design  also,  and  specially  to  the 
binding  of  the  rails  and  sleepers  by  bolls  to 
the  foundation  of  concrete.   The  iacility  for 
extracting  paving  sets  at  the  surface  when 
required,  without  disturbing  the  neighbouring 
sets,  is  also  to  be  noted. 

A  few  medium  and  minor  tramways,  also, 
have  retained  for  new  work  the  system  of  way  on 
which  they  were  originally  executed.  With  these 
limited  exceptions,  new  work  and  renewals  are 
now  constructed  with  girder  rails.  A  great  vancLy 
of  sections  of  tramway  rails  are  exhibited  in 
the  Table,  pages  333  and  333,  in  whidi  upwards  fio.  183.  Gitder 
(tf  for^  rail  sections  are  noted,  with  the  cones-  f^^''-  }y  ^  • 
ponding  illustrated  sections,  Figs.  184  to  205, 
and  206  to  226  (pages  336,  337).  These  data,  reduced  from  the 
section  sheets  of  Messrs,  Dick,  Kerr  &  Co.,  exhibit  a  remarkable 
variet}'.  the  reason  of  which  is  not  very  obvnous,  though  probably 
one  of  the  chief  causes  has  arisen  from  the  dithculiiei>  of  rolling 
such  sections, — prohibitoiy,  for  the  most  part,  in  the  early  days  of 
girder  rolUi^, — ^in  laige  and  spread  sections.  Much  of  the  difficulty 
has  disappeared  since  steel  was  introduced  to  take  the  place  of 
iron,  for  the  manufacture  of  girder  rails,  which  it  now  does  entirely; 
and,  in  any  case,  larger  and  stronger  sections  have  been  in 
demand  to  meet  the  heavier  work  of  steam  traction. 
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Table  of  WsiGirrs  and  Leading  Dimensions  of  Steel 

Tram  Girder  Rails. 
(Reduced  from  the  Section  Sheett  of  Messrs.  Dick,  Kerr  &  Co.) 
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1 

j 

1 

TbkkMtB 

1 

width  ot' 

of  Imib. 

Of  dor 

Namrt  of  tramwayi. 

Weight  of 
»ilpifr]ranl. 

"  I* 

number. 

k. 

^  c 

■  "  u 

1  . 

•-^ 

1  Nrar 

t< 

1  web. 

rr.liiiwaj*. 

Lbi. 

I  ns.  l>v  ins. 

Ins. 

In$. 

Inch 

T  1 

Inch. 

1 Inrb. 

Spanish  . 

CO  to  A3 
5  Si 

4a  4 

3 

I 

1  (> 

L 
4 

1  ^ 

( 

Gateshead-on-Tyne . 

1 

Woolwich  and  South- 

3  1 

cast  London  . 

J  WW 

3 

I 

1 

1 

i 

Wi^Mn 

Ipswich   •  • 

J 

'  Madrid  . 

) 

Bucharest 

[ 

6- 

Brighton  • 

l-6o  6j 

i 

5  j 

3 

I 

i 

\ 

,  ^^alaya  . 

1 

Panama  . 

Norwood  &  Cioydon 

Hartlepool 

South  Staffordshire . 

\  74 77 

0  x6 

3 

I 

• 

f 

V 

,J 

CardifT  . 
Southampton  . 
La  Plata 

/  75  o  78 
\ 

6  x6 

3 

I 

Accrinj^ton      .  , 

■ 

Port  Glast,'ow  ,        .  ' 

•  75  M  78  1 

6x6 

I 

Hirmin<;ham  Midland 

Manchester.  Bury, 
and  Rochdale 

90  9.} 

6x7 

1 

, 

1  '1 

b 

Nc\vcastle-on-Tyne  . 

7  x; 

3 

I 

:i 
s 

Manchester,  Bury, 

j  90  »»  94 

3^ 

1 

A 

and  Rochdale 

7  ^7 

A 

i 
full. 

(• 

i6 

Dublin  United 

7  ^7 

3 

H 

^ 

.< 
S 

bare 

J7 

Brazilian . 

35 

1 

h 

j?. 
*> 

18 

Hrid>;otoun 

40,,  4* 

1 ,  o  n  d  o  n ,  C  a  ni  b  e  rw  e  11 , 

and  Eaiit  Dulwicii.  , 

5-i  >^  5 

3i\'. 

I 

s 

\ 

Portsmouth  . 

20  1 

Brisbane  .       .  . 

I 

_ 

Seville 

J  55  57 
77  J^o 

4-!>  >^  4 

3 

1 
4 

21 

Brisbane . 

6  x6i 

I 

\ 
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No. 

26 

27 

-  T 

»>' 

33 

.U 
.>5 

39 
40 

41 
42 

43 
44 

46{ 

4/ 
4^ 
49 

50 
5 1 

54 
55 
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of  tramways. 


Birmingham  . 
Leeds 

Huddersfield  . 

liradford  . 
North  LoDdoo . 

Melbourne  , 

Melbourne* 

Melbourne 

North  Metropolitan 

South  Londoo  . 

Hdinbur^U 

Berlin 

Guinness  Brewery 

Gernian  . 
(iermao  .  * 
Artjentine 
Guinnesjj  Bfeweiy 

Ar^'^enune 
Argentine 
Midland  . 
South  London  . 
Argentine 
Argentine 
Argentine 
Hamburg 
Barcelona 
I-ondon    .  , 
Spanish  . 
Mexican  . 

Indian 

Alford  and  Sutton 

German  .  . 


Weiffbt  of 
rail  iwr  yard. 


width  ot 


•5  o 


loi. 

3i 

3i 


S  "a 

I  hicknes* 
of  haae. 

A' 

\.-  n 
%s.:l.i. 
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(>7 
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:i 

74 

••  77 
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I 
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So 

6 

4l 

I) 
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76 

90 
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«5 
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90 
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41 

79 

OS 

46 
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6  \  7 
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J) » 


J4 


1  • 
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Reverting  to  the  Table,  it  appears  tliat  steel  girder  rails  have 
been  rolled,  weighing  from  50  lbs.  per  yard  to  106  lbs,  per  yard 
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that  girder  rails  vaiy  in  height  from  4  inches  to  a  nwyinnim  of 

8  inches ;  and  from  a  3-inch  width  of  base  flange  to  a  maximum 
width  of  7  inches,  and  that  the  head  varies  from  2|  inches  to 
4i  inches  in  width. 

The  flange  base  tapers  transversely  in  thickness  from  about 
\  inch  in  thickness,  near  the  edge,  to  from  2  inch  to  ii  inch, 
spc:iking  generally,  near  the  web:  the  base  joining  the  web  with  a 
quarter  drde  fiUmg.  The  web  is  most  commonly  from  |  inch  to 
\  inch  in  tiuckness.  In  several  instances  the  thickness  of  die  web 
is  excessive,  as  in  No.  36  and  othm.  Nos.  i,  14,  15,  16,  and  30 
are  fairly  well-balanced  secrions,  without  undue  fulness  of  web ; 
and  havinfr  the  vertical  centre  hne  of  the  web  just  in  line,  or  very 
nearly  so,  with  the  edge  of  the  groove,  througli  wliich  the  verticiil 
pressure  of  the  load  passes.  No.  28  gives  an  instance  of  a  bad 
side>bearing  for  the  fidi-plates,  under  the  tread.  It  is  much  too 
oblique  for  stability,  and  would  have  been  much  better  if  it  had 
been  move  steeply  sloped,  with  a  suitable  fish«pUte«  as  indicated 
in  dot  lining.  Nos,  6,  47^  and  55  offer  good  bearing  sniface  for 
fish-plates.  In  No.  35,  the  overhang  of  tlie  principal  bearing  point 
of  the  tread  is  sjiecifically  bad,  resulting  in  severe  torsional  stress. 

The  lip  flange  or  guard,  forming  the  outer  side  of  the  groove, 
should  be  about  \  inch  in  ihicl;ness. 

The  usual  tests  for  steel  tnmway  girder  ruls  are  as  follows : — 

Breaking  stress^  tensile,  from  37  tons  to  43  tons  per  square 
inch ;  dongation  in  a  length  of  8  inches,  at  least  15  per  cent ; 
contraction  of  sectional  area,  at  least  30  per  cent  A  short  piece 
of  the  rail,  5  feet  long,  placed  on  supports  3  feet  apart,  must  resist 
a  blow  from  a  vveigli»  of  i  ton  falling  freely  on  its  centre  or  middle 
point,  from  a  guen  iieight,  without  cauf^ing  more  than  i  inch  ol 
deflection  at  the  centre,  according  to  the  following  scale : — 

Weight  of  rail  per  yard.  Hdight  of  fint  falU       Ueifbt  of  Mcood  lilU 

60  lbs.  to  70  lbs.  6  feet.  15  feet. 

70     »»     80  »»  In  '7i  »» 

80         90  8  „  20  „ 

90    „   100  „  9  „  %i\  „ 

The  same  piece  of  rail,  after  having  been  so  tested,  must^  in  the 


Digitized  by  Google 


GIRDER  RAIL. 


335 


same  position,  be  exposed  to  a  second  blow  from  the  same  weight 
falling  freely  through  the  heights  above  noted  for  the  second  fall, 
without  exhibiting  any  sign  of  fracture. 

The  girder  rails  for  the  Huddersfield  Corporation  Tramways 
were  tested  both  for  deflection  under  a  falling  weight,  and  also  for 
deflection  under  a  given  dead  pressure.  A  piece  of  the  Hudders- 
field rail,  of  g8  lbs.  per  yard,  5  feet  long,  was  laid  on  supports 
3  \  feet  apart ;  and  was  exposed  to  four  successive  blows  from  a 
falling  weight  of  half  a  ton,  or  1,120  lbs.,  dropped  through  a 
height  of  20  feet 

I  St  blow    }^  inch  deflection  at  middle 
2nd  „     ijj}         „  „ 

3rd    I,       2^'  ft 

A  dead  pressure  of  25  tons  was  applied  at  the  middle  of  a  like 
piece  of  rail  for  a  period  of  thirty  minutes.  The  load  was  then 
removed,  and  it  was  found  that  there  was  no  permanent  set. 

Samples  of  girder  rails  supplied  by  Messrs.  Dick,  Kerr  &  Co. 
to  several  tramway  companies  were  tested  for  tensile  resistance. 
Particulars,  with  sections  of  the  rails,  are  given  in  the  Table,  pages 
332  and  333,  and  illustrations.  Figs.  184  to  205,  and  206  to  226 
(pages  336,  337).  They  can  be  identified  by  means  of  the 
reference  order  numbers. 


Results  of  Tests  of  Tramway  Girder  Rails  for  Tensile 

Resistance. 


Tramway. 

Order 
no.  of 
section. 

Weight 
of  rail 
per  yard. 

Breaking 
weight 
(tensile)per 
iq.  IncD. 

Elongation 
in  a  length 
of  eighteen 
iDcttet. 

Contrac- 
tion of 
•ectional 
area. 

No. 

Lb*. 

Tom. 

Per  cent. 

Per  cent. 

West  Metropolitan  . 

10 

76 

42-13 

24-90 

52-64 

Durban 

6 

.SO 

4i"5.S 

23*00 

53-18 

Calcutta  . 

51 

95 

4476 

19"25 

52-40 

North  Metropolitan  . 

30 

90 

42  00 

2100 

55-60 

Huddersfield 

25 

98 

43-81 

18-10 

47-80 

London  • 

47 

90 

39-61 

20-40 

58-88 

Brazilian  ... 

37 

3928 

20-50 

51-95 

Averages  .  . 

•  • 

• « 

41-87 

2 1 '02 

53-20 
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Figs.  184  to  205. — Sections  of  Steel  Girder  Rails.  (Reduced  fron  (Ite 
Sectioa  Sbeett  of  Mctm.  Dkk,  Km  U  Co.)  Scale  f . 
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Xo.  49.         No.  50.  No.  51.  No.  54.         No.  55. 


Figs.  206  to  aab.— Sections  of  Steel  Girder  R.iils.  (Reduced  from  the 
Section  Sheets  of  Messrs.  Dick,  Kerr  &  Co.)    Scale  \. 

Z 
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A  type  of  girder-nO  tnmwiQr  recently  designed  and  copstcncted 
by  lu.  Joseph  Kincaid,'is  ilhutrated  by  Figs.  a»7  and  aaS.  The 

rails  are  of  steel,  weighing  78  lbs.  per  yard ;  6  inches  high,  6  inches 
wide  at  the  sole  or  base;  The  web  is  |  inch  thick ;  Ae  base  is 

\  inch  thick  near  the  web; 
tapering  in  section  to  1*,-  inch 
at  the  edges.  The  head  is 
3  inches  in  total  width,  giving 
\\  inches  width  of  tread, 
X  inch  widdi  of  groove,  and 
\  inch  width  or  thickness  of 
guard -flaoge  or  fillet.  The 
rails  are  fished  with  it -inch 
iron  plates,  14  inches  long, 
and  four  ^-inch  bolts  and 
nuts.  The  joints  are  further 
secured  with  ^-inch  iron  joint- 
platesi  or  slipper  •  plates,  x6 
inches  long,  9  inches  wid<^ 
-turned  over  the  edges  of  the  base,  to  give  a  tight  hold  of  the  ends 
•^f  the  rails  without  the  aid  of  bolts. 

The  ground  is  excavated  for  a  depth  of  12  inches  below  the  level 
•of  the  rails,  and  upon  the  bottom  of  the  excavation  a  6-inch  bed 


.  FiC.  127.— Type  of  Girder  Rail  Tram- 
way  (Mr.  Kincaid)  :— Section  of 
lUitoaadFaateiiiagt.  Scale  |. 


Fio.  aa8.— Type  of  Girder  RaU  Tramway  (Mr.  Kincaid) :— Crots  Scctioa 

of  Way.  Scale  /r* 

of  Portland-cement  concrete  is  laid  in.  The  rails  are  laid  on  the 
concrete,  and  a  i-inch  layer  of  gravel  covers  the  concrete,  to 
receive  and  give  bedding  for  the  pavement,  which  consists  of 
5-inch  gianite  sets.  The  nils  are  tied  to  the  usual  gauge,  4  feet 
9^  inches,  by  iion  tie-bars,  \\  inches  by  f  inch,  8  lieet  apait^ 
notched  at  one  end  into  tite  web  of  tiie  nil,  and  set  to  gaqge  bgr 
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means  of  a  screw  formed  on  the  other  end,  with  a  nut  and  a  jamb- 
nut  The  interspaces  between  the  sides  of  the  rails  and  the  paving 
sets  are  packed  with  concrete. 

A  statement  of  quantities  and  costs  for  one  mile  of  single  line 
laid  with  girder  rails,  in  accordance  with  the  design  as  illustrated 
and  described,  is  here  subjoined. 

Type  Girder  Rail  Tramway  :  Quantities  and  Cost  of 
One  Mile,  Single  Line,  1893. 

(Mr.  Kincaid). 

Tons.  cwti.  qrs.  £    %.   A,      £      t.  d. 

122    II    2    Steel  girder  rails,  78  lbs.  per  yard   6   o  o — 735   9  o 

3  43   Wrought-iron  fish-plates,  16^  lbs. 

per  pair   70  0 —  22  13  3 

2      I    I    Wrought-iron  joint  plates,  loj  lbs. 

each   12    o   o—  24  15  O 

4  10   o   Wrought-iron  tie-bars,  15^  lbs. 

each  12    o  o —  54  o  o 

I     00   Bolts,  nuts,  and  washers     .      .  20  o  o —  20  o  o 

1,662  c.  yds.  Excavation  02  6 — 207  15  o 

846     „       Portland  cement  concrete  .      .015  o — 634  10  o 

1,760  1.  yds.  Laying  the  way  .      .      .      .01  6 — 132  o  o 

Total  cost  of  way  per  mile,  single  line   ^^1,831    2  3 


4,376  s.  yds.  Granite  paving  sets,  including 
i-inch  bed  of  gravel,  laying 
and  grouting  per  mile,  single 

line  07   6—1641    o  o 

Total  cost  of  way  and  paving  per  mile, 
single  line  £iA72   »  3 


Say;^3.500. 
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CHAPTER  XXVIir. 


GENERAL  CONCLUSIONS  ON  THE  CONSTRUCTION 

OF  TRAMWAVS. 

It  needs  but  a  glance  at  the  illustrations  of  practice  in  tramway 
construction,  to  perceive  that  great  advances  have  been  made  in 
design  and  execution.  The  advantages  of  solidity  and  direct- 
ness of  construction  have  been  developed  in  the  experience  of  the 
Liveqx)ol  Corporation  Tramways,  where  the  steel  rail,  longitudinal 
timber  sleeper,  and  concrete  bed,  having  been  thoroughly  united, 
in  conjunction  with  a  perfect  system  of  paving,  have,  during  the 
last  three  or  four  years,  endured  the  heaviest  cross  traffic  and 
longitudinal  traffic  in  the  world,  at  but  a  nominal  cost  for  repair. 
The  adoption  of  cast-iron  sleepers  for  these  tramways  led  up  to 
one  of  the  most  complete  systems  of  tramway  for  streets  of 
maximum  heavy  traffic. 

The  system  of  Rarker  and  the  more  recent  systems  of  Shaw, 
Mackieson,  and  Dugdalc,  may  be  classed  with  the  Deacon  system 
(Liverpool),  as  structural  combinations  of  rails  and  continuous,  or 
nearly  continuous,  cast-iron  longitudinal  sleepers.  But  whilst  in 
Barker's  and  Deacon's  systems  solid  vertical  walls  are  presented  as 
lateral  bearing  surfaces  for  the  paving,  in  the  others  the  sleepers 
are  of  the  nature  of  open  framing,  and  are  packed  flush  with  con- 
crete to  provide  lateral  bearing  surface.  With  the  exception  of 
the  Shaw  system,  in  which  the  rail  is  supported  on  pedestals  at 
short  intenals,  they  make  a  floor  for  supporting  the  rails,  which 
affords  a  bearing  that  is  practically  continuous. 

The  girder-rail  and  cross-sleeper  system,  embedded  in  concrete, 
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now  practised  in  Glasgow,  is  an  instance  of  perfected  design,  logi> 
CftUy  developed  by  experience.  In  the  retention  of  the  cross-timber 
sleekier,  with  respect  to  which  the  engineers  of  the  GUagfyK  Cor* 
ponttion  Tnunways  stand  ahnost  alone  in  their  piactice»  there  is 
no  evil  consequence  whatever,  and  thm  are  Uie  advantages  of 
complete  control  of  gauge,  economy  of  maintenance,  partial 
absorption  of  vibration,  efficient  support  where  underground  sub- 
sidences may  happen  to  take  place,  and  the  facility  for  shifting 
the  rails  laterally  upon  the  sleepers  without  disturbance  of  the 
substructure,  where  such  adjustment  may  happen  to  be  required. 

The  Kincaid  system,  likewise,  has  logically  matured,  and 
it  is  a  satisfactory  devekypment  of  the  Qrpe  of  rail  supported  on 
isolated  pedestals.  It  was  improved  hy  the  adoption  of  rails  of  a 
better  and  stronger  section,  by  the  extension  of  the  bases  of  the 
chairs  or  sleepers,  so  as  to  form  a  practically  continuous  base,  by 
the  adoption  of  iron  cotter-fastenings,  and  by  the  development  of 
a  sufficient  foundation  of  concrete.  The  supporting  of  the  rails 
at  intervals  only,  provides  for  a  slight  elastic  reaction,  and  the 
consequent  preventicm  of  absolute  rigidity,  whilst  the  vertical 
stress  is,  by  the  method  of  construction,  landed  on  and  limited  to 
the  centre  of  the  pedestal-sleeper,— a  concentration  which  is 
amdudve  to  stability,  and  is  desirable  in  a  system  in  whidi 
transverse  cotter-fastenings  are  adopted. 

The  principle  of  a  system  of  rails  supported  by  comparatively 
isolated  chairs  of  cast-iron,  is  embodied  in  the  systems  of  Wilson, 
Vignoles,  and  Aldred-Spielmann. 

In  the  Wilson  system,  laid  on  the  Southampton  Street  Tram- 
ways, a  rail  of  considersble  section  is  canied  in  cast-uon  chairs  of 
large  base,  at  wide  intervals,  witiiout  any  apfwoach  to  continuity. 
The  rail  is  unusually  heavy,  of  its  kind— 55  lbs.  per  yard and 
it  has  an  unusually  long  bearing  in  the  chairs :  conditions  en- 
suring a  great  degree  of  strength,  and  contrasting  in  this  respect 
favourably  with  those  of  the  Kincaid  way  at  Bristol,  in  which  the 
chairs,  at  the  same  distance  apart,  and  of  great  length  of  base, 
only  give  a  3^-inch  bearing  to  the  rail,  which  weighs  Just  50  lbs. 
to  Uie  yard. 
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The  Vignoles  rail  is  carried  In  cliatrs  at  30-uich  centres,  and  is 
conespondingly  light— 42^  lbs.  per  yard, — ^lighter  than  any  odier 
suspended  rail  But  the  most  has  been  made  of  the  metal,  hf 
rolling  the  rail  to  a  depth  of  5  inches,  though  the  central  web  is 
but  f  inch  in  thickness.  The  rail  is  open  to  the  objection  of 
having  only  a  onesided  support,  on  a  half-chair,  as  it  may  be 
called,  to  which,  necessarily,  it  is  bolted  laterally:  the  rail  de* 
pending  upon  the  -bolts  and  nuts  to  be  kept  in  position.  This 
dependence  is  rendered  inevitable  by  the  inclination  of  the  bearing 
sur&ce  of  the  rail  upon  the  top  of  the  chair.  Had  tiie  indtnatioa 
been  reverse,  the  stability  of  the  structure  would  have  been 
greater.  The  employment  of  transverse  limber  sleepers  is  a  good 
feature  in  the  design  of  this  system. 

The  Aldred>Spielmann  rail,  laid  in  cast-iron  chairs  on  cross 
sleepers,  is  interesting  as  a  reversible  rail,  and  as  a  rail  which 
fishes  itself,  by  the  break -joint  method  of  laying  the  two  halves 
of  the  raiL  Since  the  bearing  rail  is,  in  a  manner,  wedged 
upon  the  guard-rail,  constant  contact  and  tightn«;s,  as  well 
as  mutual  support,  are  ensured.  As  the  way  is  laid  on  aiul 
spiked  to  transverse  timber  sleepers  in  coiicrctc,  it  is  both  a  secure 
and  .m  easy  rail  ,  ami  it  iias  done  good  service  in  the  London 
Trainways  and  oiher  lines. 

Page's  system  of  semi-continuous  bearings  of  rails  and  wrought- 
iron  standards  may  be  classed  with  the  Kincaid  and  ('ockbum- 
Muir  systems.  It  is  open  to  the  objection  that  the  width  of  the 
bearing  for  the  rail  upon  the  sleeper  is  very  narrow,  and  that  the 
rail  considerably  overhancfs  its  own  base,  at  both  sides.  In  the 
other  systems,  the  rail  takes  a  bearing  for  its  whole  breadth  on  the 
sleeper  or  chair.  In  Meakins'  system,  as  laid  by  Mr.  Dixon,  the 
rail  is  also  supported  on  a  bearing  which  is  narrower  tlian  its  own 
width.  But  the  objection  of  overhang,  in  this  system,  is  obviated 
by  the  secure  method  of  uniting  the  rail  with  the  angle-iion 
brackets,  by  riveting. 

Wa)^  constructed  on  the  principle  of  the  girder-rail  are  amply 
represented  by  the  systems  of  Crowans,  Macrae,  Johnstones  & 
Kankine,  Winby  &  Levick,  and  Kerr.   To  Mr.  Gowans  is  due 
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the  merit  of  having  first  promoted  and  introduced  the  girder-rail, 
wliich  Mr.  Macrae  was  the  first  to  lay  down.  The  rail,  as  devised 
by  Mr.  Gowans,  was  peculiarly  formed, — with  a  flange-base  wider 
on  one  side  of  the  web  than  un  ihe  other ;  and  with  pertorations 
in  the  rail.  These  refinements  have  not,  generally,  been  much 
appreciated.  Mr.  Macrae  abandonL!!  them,  though  he  appre- 
hended the  advantages  of  the  girder  form  ;  and  he  adopted  an 
ordinary  !=;olid  rail,  corresponding  to  the  old  railway  rail  of  Vig- 
noles.  So  also  have  tlie  other  engineers  just  named.  Difficulties 
naturally  arose  m  the  pcTferting  of  the  methods  of  rolling  rails — 
particularly  steel  rails — with  a  groove,  and  with  so  wide  a  base; 
though  a  wide  base  was  only  needful  where  the  rail  was  to  be 
embedded  in  concrete  and  was  to  rely  on  its  hold  upon  this  alone 
for  stability.  It  was  preferable,  as  a  matter  of  manufacture,  that  a 
base-flange  of  limited  width  should  be  rolled ;  and  a  limited  flange 
was  adopted  by  Messrs.  Johnstones  &  Rankine,  who  really  did 
not  require  a  wide  base,  since  they  possessed  a  solid  foundation 
in  the  transverse  sleepers  which  they  emplo)-,  to  which  the  rails 
could  be  securely  spiked.  Messrs.  Winby  &  Levick  and  Mr. 
Kerr  devised  other  means  of  utilising  the  limited  base-flange,  by 
bolting  and  clipping  the  girder  rail  to  wider  base-plates  or  sleepers, 
and  so  providing  ample  bearing  stiiiace  in  combination  with  the 
limited  flange-base. 

In  the  later  developments  of  the  solid  girder-rail,  conveniently 
rolled  sections  have  been  introduced.  Messrs.  Johnstones  & 
Rankine's  system  obviously  combines  the  advantage  of  a  well- 
constructed  foundation  and  a  secure  hold  for  the  rails,  with 
perfect  freedom  for  detachment  or  uplifting  when  removal  is 
required ;  whilst  Mr.  Kerr  anchors  his  rails  and  sleepers  tQgeUier 
in  the  concrete~inseparable  without  breaking  up  the  foundation; 
and  Messrs.  Winby  &  Levick,  on  the  contrary,  content  them- 
selves, like  Mr.  Barker,  with  depositing  the  metal  structure  on 
the  floor  of  the  excavated  space,  reserving  the  freedom  for  readily 
detaching  and  removing  the  rails. 

With  regard  to  the  sections  of  rails  for  what  may  be  called  the 
composite  ways,  ,in  which  rails  are  bid  on  metal  sleepers  or 
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chairs,  they  have  evidently  drifted  towards  the  X  section — a 
grooved  head  with  a  central  wtb — initiated  bv  Mr.  Corkburn- 
Muir.  Its  advantages  are  manifest.  In  it  are  coml mcd  lighlness. 
stren<;th,  stiffness,  aiul  compactness;  and  facility  lor  fish-jointing 
when  required,  though  it  must  be  acknowledged  that  the  joint 
made  by  Mr.  Cockburn-Muir,  by  means  of  a  long  wedge  in  his 
block-sleeper,  has  never  been  surpassed.  Fastenings  by  means  of 
wedges  or  bolts  are  generally  preferable  to  cotter  fastenings. 

As  to  the  material  for  tram-rails,  the  results  of  the  respective 
wears  of  steel  rails  and  iron  rails  in  Glasgow,  reported  by  Messrs. 
Johnstones  &  Rankine,  appear  to  show  that  the  iron  rails  were  as 
durable  as  the  steel  rails ;  whilst  it  is  also  apparent,  from  the 
results  of  Mr.  Cockburn-Muir's  tests  for  deflection,  that  iron 
rails  were,  within  their  elastic  limits,  practically  as  stiff  as  steel 
rails. 

The  imperative  necessity  for  maintaining  the  pavement  coinct* 
dently  with  the  way,  not  only  for  the  special  business  of  the  tram- 
way, but  also  for  the  other  business  of  the  street,  has  led  to  the 
general  adoption  of  means  for  efficiently  supporting  the  pavement, 
particularly  the  parts  adjacent  to  such  as  lies  next  the  rails;  and, 
in  addition,  at  Liverpool,  the  exact  dressing  of  the  paving'Stones, 
next  the  rails,  in  order  to  provide  the  maximum  area  of  bearing 
surface  and  so  to  minimise  the  wear,  and  the  consequent  tendency 
to  form  objectionable  ridges  next  the  rails.  The  reports  of  the 
London  General  Omnibus  Company  afford  evidence  of  the  incon- 
venience of  unequal  and  local  wear  of  way  and  paving.  The 
deplorable  state  of  the  main  thoroughfares  in  the  eastern,  southein, 
and  northern  parts  of  the  Metropolis,*'  it  was  reported  in  1878,  *'was 
destructive  of  the  wheels,  springB,  and  under  carriages  of  ordinary 
vehicles.  The  cost  for  wheels  alone  for  the  Company's  omnibuses 
increased  from  los.  per  omnibus  per  year  to  ^£15  per  omnibus 
per  year  since  the  introduction  of  tramways.  Valuable  horses  have 
constantly  been  injured  by  straining  and  slipping  on  the  rails.*' 

It  is  apparent  that  a  first*rate  rolling  surface  is  of  the  essence  of 
a  tramway—^  street  railway and  it  is  not  well  to  study  too 
dosely  the  mere  element  of  first  cost^  in  the  amount  of  which,  for 
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efficient  systetns  of  tnunway,  the  variaticnk  is  not  of  veiy  oonsiderable 
importance.  The  practical  value  of  a  good  iolhng*8iiifacey  on  the 
contraxy,  can  scarcely  be  over-estiniated ;  for  the  ninoing  and  car 
expenses  are  influenced  to  a  veiy  great  extent  by  the  condition  of 
the  suT&ce,  and  they  constitute  nearly  two*tfairds  of  the  total 
woiking  expenses. 

With  a  perfect  rolling  suiface,  an  even  and  durable  pavement 
roust  be  associated,  in  order  that  unifonn  levels  may  be  preserved, 
not  necessarily  for  the  special  business  of  the  tramway  only,  but 
also  for  the  other  business  <^  the  street.  A  completely  constructed 
tramway  must,  therefore,  combine  a  perfect  unyielding  rolling  sur- 
face wiUi  a  film  and  durable  pavement  A  perfect  rolling  surface 
it  was  impossible  to  fulfil  so  long  as  the  rails  were  fastened  by 
vertical  spikes  or  bolts  passed  throi^h  the  groove  in  the  rail  But 
when  the  side«fastenings  of  Mr.  Larsen,  improved  by  Mr.  Hopkins, 
were  mtroduced,  by  which  the  nil  was  lapped  upon  the  longi- 
tudinal sleeper,  and  was  tied  down  by  lateral  staples  at  each  side, 
entirely  out  of  the  reach  of  derangement  by  the  strokes  of  the 
traffic,  the  problem  was  greatly  simplified.  The  stiffness  of  tiie 
rail,  vertically  as  well  as  laterally,  was  greatly  augmented  by  the 
adoption  of  the  side-fastenings.  These,  whilst  they  were  placed 
beyond  the  reach  of  blows  at  the  surface,  were  enabled,  in  virtue 
of  their  lateral  disposition,  to  resist  with  powerful  leverage  the 
force  of  oblique  lateral  strokes — a  function  in  respect  of  wliich  a 
central  s[iike  or  bolt  was  clearly  inferior  to  the  side-staple.  Vertical 
nnovenicnt  under  the  trartic  was  prevented,  and  tlie  destriu  tivc 
action  of  blows  from  the  surface  was  checked  in  the  initiatory 
stage.  The  staple-fastening  was  so  simple,  and,  after  its  intro- 
duction, so  obvious,  that  one  may  wonder  at  the  primitive  combi- 
nation of  a  flat-grooved  bar,  of  minimum  strength,  with  a  vertical 
spike,  which  was  used  for  several  years.  Let  us  wonder,  and  pass 
on.  But  before  passing  on,  let  us  note  that  Mr,  Livesey  and 
Mr.  Cockhiim-Muir  had  from  an  early  period  perfectly  well  appre- 
ciated the  mechanical  necessity  for  applying  the  fastenings  of  the 
rail  apart  from  the  rolling  surface,  and  had  accordingly  applied 
wedge-fastenings  at  the  sides  of  the  rail.  Their  system,  as  systems 
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iiS  iron  way,  were  long  in  advance  of  their  time  in  the  home 
countries ;  and  though  these  systems  have  not  entered  into  the 
domain  of  £nglish  practice,  th^  ware  long  since  in  genaal  prac- 
tice abroad. 

The  function  of  the  substructure  is  to  support  the  rails,  and  also 
to  keep  them  in  gauge,  whilst  the  foundation  is  laid  to  provide  a 
finn  and  uniform  base  for  the  rails  and  the  paving  conjointly, 
maintaining  both  of  them  to  one  level.  In  some  systems  of  tram- 
way, the  substructure  is  to  some  extent  identified  with»  and  forms 
part  of,  the  foundation.  The  foundation,  in  nearly  all  systems, 
consists  wholly  or  mainly  of  concrete — an  artificial  stone  or  com- 
pound of  considerable  cohesive  force,  admimbly  adapted,  when 
properly  made,  for  supportbg  dead  weights  on  the  ground,  and 
distributing  snperincombent  pressure.  With  a  broad  base  of  con- 
crete the  maintenance  of  the  xails  and  the  pavement  at  a  uniform 
level  may  be  effectually  performed.  A  wide  sohd  base  is  indis- 
pensable for  the  purpose,  and  if  not  already  provided  by  nature  or 
by  previous  use,  it  must  be  supplied  by  art 

The  substracture  sbould  afiord  a  continnous  support  to  the 
rail,  for  the  construction  of  a  continuous  bearing  is  simpler  and 
better  than  the  constroction  required  for  intermittent  bearings ; 
and,  before  all,  the  continuity  of  support  contributes  to  the  per- 
fection and  permanence  of  the  rolling  sui&ce,  not  alone  by 
insuring  longitudinal  and  lateral  stiffness,  but  also  by  preventing 
the  twisting  or  torsion  of  the  rail  which  would  be  caused  by  the 
eccentric  pressure  of  the  wheel  on  a  suspended  nuL  Take  the 
centre-line  of  the  s-inch  rolling*sutiace  of  a  rail  4  inches  wkie^  as 
the  line  of  insistent  vertical  pressure ;  it  lies  only  one  inch  from  the 
outer  edge  of  the  rail,  and  it  is  one  inch  off  the  central  line  of 
support  Obviously,  therefore,  the  rail  which  is  supported  by 
inteimittent  bearings,  is  exposed  to  twisting  stress  between  the 
bearings,  tending  to  cant  it  sidewise ;  and  it  is  required  to  be 
stiffened  enough  to  resist  such  torsional  stress.  Besides,  the 
same  stress  ultimately  reaches  and  strains  the  fastenings. 

An  extennve  area  of  bearing-surfiice  between  the  rails,  the  sub- 
stracture^ and  the  foundation  is  not  indispensable.  It  has  been 
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demonstrated  by  experience  that  tfae  continuous  bearing  of  two 
longitudinal  sleepers,  4  inches  wide,  on  sound  concxete,  is  suffi- 
cient for  sustaining  the  heaviest  traffic  of  the  streets,  and  main- 
taining the  level  of  the  tails.  Two  widths  of  4  inches  each,  or 
8  inches  together,  provide  two  square  feet  of  bearing  surface  per 
lineal  yard  of  way.  This  datum  has  been  arrived  at,  rather  than 
deduced,  from  practical  results,  simply  because  the  first  English 
tails  for  tramways  were  4  inches  in  width,  and  the  longitudinal 
sleepers  upon  which  they  were  placed  were  made  of  the  same 
width,  in  order  that  the  granite  pavement  might  be  set  close  up  to 
the  rail  at  both  sides.    A  less  proportion  of  bearing'  sur&ce, 
fiurly  placed,  would  suffice.   In  iact,  Mr.  ]>eacon's  mil  and  longi- 
tudinal sleeper  are  only  3^  inches  in  width — a  width  which  affords 
an  area  of  bearing  surface  of  not  more  than     square  foot  per 
lineal  yard  for  two  sleepers.   Mr.  Kincaid's  intermittent  supports 
on  concrete  present  an  area  of  2I-  square  feet  of  bearing  per  ineal 
yard.   It  might  be  difficult  to  prescribe  the  safe  limit  of  area  of 
bearing  on  concrete,  for  Portland-cement  concrete,  twelve  months 
old,  has  been  proved  by  Mr.  Grant  to  be  capable,  before  being 
crushed,  of  resisting  loads  of  from  91  tons  to  170  tons  per  square 
foot,  according  to  the  strength  of  the  composition. 

The  mere  extent  of  the  area  of  bearing-surface  on  a  foundation 
of  concrete,  therefore,  is  practically  of  no  moment,  and  does  not 
in  itself  affect,  one  way  or  anoiher,  the  character  of  the  way  for 
durability  or  efficiency — supposing,  be  it  rcnicmbcred,  that  the 
concrete  is  laitlifully  made  and  laid  ;  and  no  uilui  snjjposition,  it 
has  been  proved  by  experience,  should  ever  be  cntti  tamed. 

It  is  scarcely  necessary  to  add  that  longitudinal  sleepers  of 
timber,  in  good  condition,  are  (juite  caj)ab]e,  without  suffering 
undue  compression,  of  permanently  supporting  rails  of  a  width  of 
3  or  4  inches,  having  a  continuous  bearing  on  the  sleepers. 

But  the  rails  must  also  be  maintained  to  gauge  by  the  substruc- 
ture. In  other  words,  the  rails  must  be  prevented  from  spreading 
apart,  and  so  widening  the  gauge  or  distance  oetween  them.  The 
maintenance  of  gauge  is  indispensable,  for,  if  the  gauge  be 
strained,  the  flanges  of  car-wheels,  which  are  devised  so  ,as  to 


34« 


CONSTRUCTION  OF  TRAMWAYS. 


nm  near  the  inner  sides  of  the  groovesi  when  fairly  placed,  bind 
against  the  ledges  which  form  the  inner  slopes  of  the  grooves. 
The  e&ct  of  such  a  spreading  is  greatly  to  augment  the  frictional 
resistance  of  the  cars,  and,  if  continued  iar  enough,  to  grind  away 
the  flanges  and  reduce  their  thickness^  to  increase  the  difficulty  of 
passing  the  pdntsand  crossings,  and,  finally,  to  lead  to  the  derail- 
ment of  the  cars.  Fortunately,  the  derailment  of  a  tramcar, 
though  it  may  prove  of  great  inconvenience,  is  a  trivial  matter 
compared  with  the  derailment  of  a  railway  train ;  but  the  other 
evils  of  a  spread  of  gauge  are  of  much  greater  magnitude  on  a 
tramway  than  their  analogues  on  a  railway.  It  need  scarcely  be 
added  that  when  railway-caniages,  wagons,  or  locomotives  are 
passed  over  tramways,  the  means  of  maintaining  the  gauge  must 
be  positive  and  precise.  The  pavement  by  which  (he  rails  aie 
enclosed  affords,  no  doubt,  material  assistance  in  keeping  them  to 
gauge ;  but  it  can  be  accepted  only  as  an  auxiliaiy. 

The  method  of  binding  the  rails  to  gauge  by  transverse  sleepers, 
to  which  longitudinal  sleepers  are  fixed,  by  the  medium  of  solid 
chairs  or  of  brackets,  or  by  notching  together,  is  positive.  So, 
also,  is  the  method  of  tie-bars  connecting  the  sleepers  which  cany 
the  rails.  When  longitudinal  sleepers  are  bedded  in  concrete  for 
a  portion  of  their  height,  the  concrete  forms  a  connection  which 
may  be  said  to  be  positive;  but  in  practice  it  is  treated  only 
as  auxiliary  to  other  connections.  Mr.  Kincaid*s  chairs  were 
solidly  embedded  in  blocks  of  concrete,  which  were  constructed 
in  holes  formed  in  the  ground.  Nevertiieless,  in  macadamised 
roads,  where  no  paving  was  provided,  Mr.  Kincaid  applied  a 
cross  tie-rod  to  each  pair  of  joint-chairs ;  and  in  SheffieM  a  solid 
bed  of  concrete  was  Inid  for  the  whole  width,  in  substitution  for 
the  isolated  blocks. 

Transverse  sleepers  of  wood  give  great  satisfaction.  Transveise 
sleepers  of  wrought  iron,  like  Vauteren's,  used  on  Continental 
railways,  might  do  well ;  but  the  wood  sleeper  is  the  better,  for  it 
possesses  bulk  and  surface,  to  make  and  keep  a  place  for  itself, 
and  to  adhere  by  friction  to  the  surrounding  concrete. 

That  a  tramway  should  be  cushioned  on  an  elastic  hub;>Lance^ 
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wood — ^is  a  doctrine  which  has  been  naintained  with  some  degree 
of  peisistency.  That  it  should  be  grounded  on  a  hard  substnic- 
tuie*-cast  iion~is  a  doctrine  maintained  by  others.  The  question 
of  the  ehsticity  of  the  material  of  the  substructure — elasticity  in 
the  conventional  sense — ^is  a  matter  of  perfect  indifference.  Wood 
is  elastiCi  so  also  is  cast  iron.  The  action  is  rolling,  not  percus* 
sive ;  the  speed  is  low,  not  high ;  and  the  cars,  as  well  as  the 
engines  of  the  future,  are,  and  will  be,  placed  on  springs  having  a 
wide  elastic  range.  The  pavement  of  streets^granite  stones 
bedded  on  sand — ^is  not,  conventionally,  elastic ;  yet  it  answers 
well  for  the  passage  of  loads  at  the  customary  speed  of  street 
traflic.  Elastic  pavements  have  been  tried,  and  they  have  failed. 
The  truth  is  that  the  depth  of  structure  necessary  for  the  formation 
of  a  tramway  b  sufficient  for  inducing  as  much  elasticity — percep- 
tible to  the  touch,  if  not  to  the  eye^as  is  needful  to  prevent  a 
sound  structure  from  shaking  itself  loose. 

The  form  of  section  of  the  groove  in  the  rail  is  a  subject 
deserving  of  carefiil  consideration.  In  many  of  the  oamples  of 
rails  which  have  been  illustrated,  it  may  be  noted  that  the  sides  of 
the  groove  are  formed  with  a  greater  degree  of  splay  inwards  than 
outwards,  from  the  wheel  than  under  the  whecL  The  motive  for 
the  greater  splay  has  been,  in  some  instances,  to  economise  metal; 
but  the  economy  thus  effected  is  simply  insignificant.  By  other 
designers  a  low  slope  has  been  adopted,  with  a  view  to  the  more 
facile  extrusion  of  dried  mud  and  other  detritus  from  the  groove 
by  the  wedging  action  of  the  passing  wheel-flanges,  than  is  likely 
to  take  jilace  when  (.he  sides  are  vertical.  There  is  incurred  a 
much  greater  resistance  to  traction  when  the  groove  is  occupied 
by  hard  deposit  than  when  it  is  clear;  since  ii  1.^  mcviuUiic  iliat 
the  mud  and  small  stones  or  gravel,  which  find  a  lodgment 
in  the  groove,  must  be  either  ex|)elled  or  trodden  upon  by  the 
flanges  of  the  wheels.  It  is  a  niaUer  of  common  observation  that 
the  resistance  is  much  increased  under  such  conditions,  and  the 
princii)al  reason  is  not  far  to  seek  :  the  wheels  run  at  the  same 
time  uj)on  two  circumferences  of  different  radii — those  of  the 
tread  and  the  flange.    Now,  a  square  groove,  by  its  form,  resists 
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the  expulsion  of  detritus  ;  and  it  may  happen,  and  does  frequ  ntly 
happen,  that  the  resistance  of  the  c  ar  over  choked-up  groo>  -s  is 
so  much  increased,  that  it  amounts  to  as  much  as  that  of  w  eels 
rnnning  on  common  roads.  In  the  sections  of  the  Ame  ican 
grooved-rails,  and  particularly  Mr.  Light's  section,  it  is  ob  ious 
that  the  advantage  of  a  widely  sloping  iK'rme  was  apprec  ited 
by  the  designers  of  those  sections.  The  motive  of  the  extre  nely 
contracted  grooves  which  have  been  practised  some  of  i  riem 
not  exceeding  an  inch  in  width — and  which,  when  clear,  pro- 
vided little  more  than  clearance  for  wheel-flanges,  is  the  fee  r  of 
the  entanglement  of  the  narrow-tyred  wheels  of  cabs  and  carri  iges 
in  the  grooves.  But  it  is  known  that  the  derangement  of  com  non 
road  vehicles  is  almost  wholly  caused  by  the  girding  of  heir 
wheels  against  the  outer  sides  of  the  rails,  when  the  suiface 
of  the  pavement  is  permitted  to  sink  below  the  proper  level — a 
cause  of  disorder  with  which  the  groove  is  not  concerned. 

It  is  further  to  be  noted  that,  by  the  occasional  grounding  of 
the  wheel-tlanges  over  the  bottom  of  the  groove,  by  the  interven- 
tion of  mud,  dust,  or  stones,  the  metal  at  that,  the  weakest  point, 
is  heavily  stre.«sed.  The  flanges  may  also  ground  directly  on  the 
bottom,  where  the  tread  of  the  rail  is  reduced  in  height  by  wear, 
when  a  like  effect  may  be  produceti.  It  is  found  that  old  thin 
rails  subject  to  such  action  are  spread  laterally,  and  are  occaaon* 
ally  split  through  the  bottom  of  the  groove. 

The  form  of  the  groove,  then,  is  a  point  of  importance,  and  the 
best  form  is  that  in  which  the  side  next  the  rolling  suifiKe  is 
vertical,  and  the  whole  of  the  slope  is  given  to  the  inner  side. 

The  pavement  should  be  specifically  adapted  to  the  tramway, 
and  the  chief  concern  is  to  construct  it  so  that  it  shall  maintain 
its  level,  and  remain  flush  with  the  rails.  A  great  deal  of  pie- 
caution  has  been  taken  for  preventing  the  rails  from  sinking; 
whilst  the  pavement  has  been  laid  without  sufficient  permanent 
support  A  pavement  that  may  suffice  for  a  street  untrammelled 
by  rails,  laid  on  loose  sand,  gravel,  or  ashes,  is  not  sufficient  to 
match  a  pair  of  rigidly  supported  rails,  carried  on  an  unyielding 
foundation.  There  is  nothing  better  to  be  done,  for  w*'*fc^T*g  die 
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ordinary  wall-sided  rail,  than  to  bring  up  a  solid  unyielding  foun- 
dation for  the  paving,  identical  with  the  foundation  for  the  rails. 

This  necessary  object  is  fulfilled  by  the  concreting  of  the  subspace 
up  Lo  the  le%el  of  the  under  side  of  the  paving  stones,  as  a  bottom 
upon  which  they  may,  with  the  aid  of  a  thin  layer  of  sand,  stand 
to  the  level.  Finally,  as  a  security  that  neither  will  water  pene- 
trate, nor  sand  nor  mud  work  up,  the  paving  sets  should  be  grouted 
with  an  adhesive,  elastic,  bituminous  mixture. 

Afl opting  the  conclusions  just  anaounced  as  standards  for 
estimating  the  merits  of  different  systems  of  tramway,  it  would 
appear  that,  upon  the  whole,  the  recently-made  tramways  of 
Glasgow  afford  the  best  example  of  tramwiy  having  a  timber 
substructure  hitherto  actually  constnicted  in  its  entirety. 

Of  the  tramways  having  substructures  of  iron  the  system  of  Mr. 
Kincaid  is  the  only  one  of  which  successful  experience  has  been 
acquired  in  England.  The  isolated  chairs  or  stools  at  3-feet 
centres  are  each  levelled  and  set  independently.  In  this  respect, 
Mr.  T.ivesey's  system  of  coupled  stools — two  stools  on  one  longi- 
tudinal sleeper — is  better  ;  for  they  make  a  structural  connection, 
and  they  can  be  levelled  and  set  with  facility.  They  are,  in 
addition,  efficiently  tied  transversely  by  two  tie-bars,  and  thus  the 
stools  and  sleepers  are  framed  together  both  longitudinally  and 
transversely,  and  assist  each  other  in  a  manner  which  is  not 
available  on  Air.  Kincaid's  system  of  independent  chairs.  These 
are  not  connected  together  either  longitudinally  or  transversely, 
and  depend  for  their  stability  each  on  the  fixity  of  its  own  portion 
of  concrete. 

The  length  of  the  bearings  of  the  rail  on  the  intermediate 
sleepers  of  Mr.  Kincaid  and  of  Mr.  Livesey  is  inches ;  whilst 
that  of  Mr.  Cockburn-Muir  is  1 inches.  It  is  clear  enough  that 
the  long  bearing  on  the  sleeper  of  the  last-named  engineer  must 
beneficially  stiffen  the  rail,  and  he  has  taken  advantage  of  such 
aid  in  adopting  a  longer  distance  apart  for  the  sleep^^  and 
employing  a  rail  of  less  weight  than  those  of  the  other  engineeis. 
The  three  sjrstems  may  be  thus  brought  into  comparison : — 
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Weight  per 

Ceotres  ol 

Mr.  Kincaid     .       .  iron 
Mr.  Livesey     .      .  steel 
Mr.  Cbckmim-Muir .  iron 

lb«. 

43 
40 

1 

Feet.  Iach«b 
3  0 

1  I 

Now,  it  is  to  be  premised  that  a  rail  may  be  strong  enough, 
as  a  beam,  to  support  any  load  that  may  be  placed  upon  it, 
whilst  it  may  not  be  stiff  enough:  for,  resistance  to  deflection 
must  be  the  ml  in-  consideration  in  the  design  of  a  tramway. 
Deflection  should  be  reduced  to  a  minimum,  since  vertical  stiffness 
is  the  first  condition  for  insuring  a  minimum  traclional  resistance. 
It  is  obvious,  too,  that  vertical  stittness  is  an  essenti.il  condition 
for  insuring  the  stability  of  the  fastenings  and  of  the  ]  a\  ni^'. 

The  stiffness  of  a  rail  is  inversely  as  the  cube  of  the  length,  and 
Mr.  Cockburn-Muir's  rail,  if  it  had  had  the  same  section  as  Mr. 
Kincaid's,  would  have  been  stiffer  in  the  ratio  of  32'5^  to  30*5*,  or 
of  3433  to  2837,  or  nearly  5  to  4.  That  a  difference  of  2  inches 
in  the  sj)an  shoidd  cause  a  difterence  of  a  fourth  or  a  fifth  in  the 
stifl^ness  of  a  rail  supported  on  bearings  at  intervals,  is  a  note- 
worthy fact,  and  it  p>oints  to  the  advantage  of  compactness  of  span 
for  intermittent  bearings,  and  of  the  reduction  of  the  overhang  of 
the  rail  by  giving  to  it  a  considerable  length  of  bearing  surface 
upon  the  chair  or  stool.  These  advantages  may  be  exemplified 
by  supposing  Mr.  Cockbum-Muir's  block-sleepers  to  be  placed 
apart  at  3-f6et  centres,  the  same  distance  apart  as  Mr.  Kincaid's 
sleepers.  The  spans  between  the  !)eanngs  and  the  relative  stiff- 
nesses of  the  rails — inversely  as  the  cubes  of  the  spans — supposing 
that  the  same  rail  is  laid  in  both  casesy  would  be  as  follows : — 

Centre*  of  Spans  between  Relative 

»le<-j)iTS.  br.iririK*.  sUffnc»S» 

Short  bearing    .       ,       ,3  feet  32J  inchts,  as  i 

Long  bearing  •      •      ,3  feet         24^  inches,  as  2^ 

Showing  that  if  Mr.  Kincaid's  rail  were  laid  on  chairs  with 
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ii^incfa  1>earizig  suriaces,  it  would  possess  2^  times  the  stiffness; 
or,  otherwise,  the  deflection  of  the  lail  between  the  longer  bearings 
would  be  less  than  half  of  what  it  amounts  to  between  the  actual 
bearings,  of  shorter  length.  The  form  of  Mr.  Kincaid's  chain,  it 
may  be  observed,  lends  itself  readily  to  the  extension  of  the 
bearing  surface;  and  even  if  the  3|-inch  bearing  surface  of  the 
intermediate  chairs  were  only  doubled  in  length,  making  a  7-inch 
bearing,  uniform  with  the  bearing  at  the  joint-chairs,  the  stiffness 
would  be  increased  by  nearly  one-half. 

It  is  logically  deducible  by  the  same  line  of  argument,  that  with 
a  continuous  bearing  under  the  rail,  the  stiffness  is  indefinitely 
greater  than  it  can  be  upon  bearings  at  intervals.  But  it  is  not  to 
be  concludctl  that  the  rail  on  a  continuous  bearing  may  be  made 
indefinitely  light  in  scantling.  The  rail  must  be  of  sufficient 
scantling  to  enable  it  to  resist  the  wire-drawing  vind  out-rolling 
action  of  iiiuvin.,^  loads  concentrated  under  the  wheels  ;  to  check 
the  effects  of  occasional  weakness  of  substructure;  to  bridge  over 
the  inevitable  junctions  of  the  substructure,  even  when  it  is 
nominally  coiuinuous,  an  1  to  resist,  also,  accidental  derange- 
ments of  the  way,  and  the  numberless  varieties  of  irregular  stress 
to  which  tram-rails  are  subject. 

These  conditions  are  fulfilled  by  the  solid  girder- rail,  now 
tiniversally  <  niplo)  lmI,  In  this  rail  the  functions  of  the  top,  the 
mi'hlle,  and  the  bottom  are  united  in  one  piece, — combining 
sirapiicity,  strength,  stitTness,  solnlity.  and  durilnitty.  Thus  it 
appears  that,  constructionally,  tramways  advanced  in  a  circle. 
They  began  with  one  piece,  and  they  have  ended  in  one  piece. 


PART  IV. 
TRAMWAY  CARS. 


CHAPTER  I. 

HISTORICAL  NOTICE  OF  TRAMWAY  CARS, 

The  earliest  cars  specially  designed  for  the  modem  tramway 
were  constructed,  in  1831,  for  the  New  York  and  Haarlem 
Street  Railway,  of  which  the  first  section,  in  the  city  of  New 
York,  was  opened  in  1832.   These  cars,  illustrated  in  Fig.  229, 


If'lO.  329.  Original  Tramcnr,  tnanuraciurcd  ia  1831,  by  Mr.  John 

Stephenson,  New  York. 


v€re  constructed  with  bodies  like  those  of  the  rood  coaches 
of  the  time.  The  car  had  three  compartments,  each  of  which 
had  ade  doois.  The  body  was  supported  on  leather  springs. 
The  driver  was  seated  on  a  dickey,  or  elevated  seat,  at  the 
front ;  the  brakes  which  acted  on  one  pair  of  wheels  only,  was 
moved  by  the  driver's  foot  The  wheels,  brakes,  drawheads,  &&, 
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were  combined  in  a  "  carriage-part,"  a  structure  independent  of 
the  body,  which  rested  on  the  four  axle-boxes  of  the  carriage-part 
On  this  principle  of  arrangement,  tramway  cars  were  for  several 
years  constructed,  until  it  was  found  by  experience  that  the  por- 
tions of  the  carriage-part  not  carried  by  the  springs,  soon  became 
worn  and  disordered,  and  required  to  be  early  renewed.  One  of 
the  first  alterations  in  design  consisted  of  the  substitution  of 
laminated  steel  springs  for  the  leather  springs ;  the  ends  of  the 
springs  were  confined  in  pockets  on  the  under  side  of  the  body, 
whilst  the  springs  were  secured,  by  the  middle,  to  the  axle-box. 
Then  the  carriage-part  was  dispensed  with.  Pedestals  in  jaw- 
plates,  known  as  axle-guards  in  England,  were  not  used.  Though 
thb  form  of  running  gear  was  practised  for  semal  years,  it  was 
unsatis&ctofy,  because  the  adjustment  of  wheels  and  axles  was 
not  positive.  Single  jaw-plates  were  then  applied  to  take  the 
axle*boxes  and  keep  the  axles  square. 

About  the  year  1856,  volute  steel  springs  were  substituted  for 
laminated  side<-springs,  and  were  succeeded  by  '*  spiral,"  or, 
properly,  hdical  steel  springs.  In  every  case,  a  single  steel  sprmg 
rested  on  the  top  of  the  axle*box.  But,  in  1858,  a  pair  of  helical 
springs  were  provided  for  each  bearing ;  a  yoke  was  placed  oh 
the  ^e-box,  astride,  and  sustained  a  spring  at  each  ^le  of  the 
box.  About  the  same  time,  a  method  of  preparing  india-rubber 
was  discovered,  by  which  it  preserved  its  ehisticity  independently 
of  heat  and  cold,  whilst  its  power  of  sustaining  loads  was  greatly 
increased.  The  combination  of  cheapness,  durability,  and  smooth- 
ness of  action,  led  to  the  abandonment  of  sted  bearing  springs  for 
those  of  india-rubber.  But,  since  the  ex])iration  of  the  patent  for 
the  method  of  preparation,  the  manufacture  of  the  india-rubber 
springs  was  thrown  open  to  the  public,  inferior  goods  were  placed 
in  the  market,  the  good  name  acquired  for  tndia*rubber  springs  was 
damaged,  and,  as  a  consequence,  helical  and  other  springs  came 
again  into  demand. 

The  wheels  made  for  the  original  American  car,  Fig.  229,  were 
of  cast  iron,  with  flat  spokes,  as  shown.  The  "  hub,"  or  nave, 
was  parted  radially  into  three  sections,  to  provide  for  the  shrinkmg 
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of  the  metal  as  it  cooled.  But  the  wheel  was  not  strong,  and 
salid  irood  wheels  with  iron  tyres  were  substituted.  These  were 
heavy  and  expensive,  and  they  were  liable  to  fail  by  the  loosening 
of  the  tyre.  About  1834,  the  cast-iion  pUte-wheel,  or  disc*wheel, 
was  introduced;  it  is  regarded  in  America  as  the  best  type  of 
wheel  for  all  kinds  of  service. 

It  was  for  many  years  supposed  that  a  tramcar  would  not  stay 
on  the  track  if  the  depth  of  the  flanges  of  the  wheels  were  less 
than  x\  inches;  and,  idthough  a  slight  reduction  was  made  od 
the  depth,  it  was  not  until  the  year  1857  that  it  was  discovered 
that  a  depth  of  half  an  inch  was  sufiident  for  the  purpose.  The 
half-inch  flange  is  now  universally  empbyed  on  tramways. 

The  brakes,  until  1858,  consisted  of  dogs  or  shoes  applied  to 
the  treads  of  the  wheels ;  but  when  the  flat  tram-rail,  or  stepnil, 
came  into  use,  it  was  found  that,  as  good  car-wheels  wear  off 
^  inch  of  the  thickness  at  the  drcumferenoe  before  being  *'used 
up,"  the  flange  became  half  an  inch  deeper,  and  was  made  to 
"  touch  bottom,**  when,  usually  at  the  end  of  three  or  four  years, 
the  rail  was  split  by  the  penetrating  action  of  the  flange.  The 
additional  rublnng  resistance,  at  the  same  time,  arising  finmi  the 
frictional  contact  of  the  two  surfaces  of  different  radii— the  tread 
and  the  flange — amounted  to  from  30  to  50  per  cent  of  the 
tesistanoe  under  normal  conditions.  But  the  objections  of  unequal 
wear  were  met  by  extending  the  width  of  the  brake-blocks,  m  as 
lo  confine  and  take  a  bearing  upon  the  flange  as  well  as  upon  the 
tread  of  the  whed.  The  flange  was  worn  down  at  the  same  rate 
as  the  tread,  the  life  of  the  wheel  was  prolonged,  the  rail  was 
saved  from  rupture,  and  the  additional  re^stanoe  to  tmction  was 
prevented. 

The  hardest  kind  of  chilled  iron  is  the  best  material  for  hiake 

blocks,  for  the  purpose  of  wearing  upon  the  flanges  of  the  wheels. 

But  it  is  not  the  best  for  stopping  the  car,  for  it  does  not  "d  ng" 
to  the  wheel  so  well  as  softer  iron  does.    Still,  the  brakes  sh  duW 

}ui\  c  a  sufhcient  degree  of  pressure  applied  to  arrest  the  tumii  g  of 

the  wheels. 

In  the  coiiaUuv.tiou  of  American  cars,  the  best 'American  \  liitc 
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oak  is  used  for  the  framework  of  the  substructure,  and  the  best 
white  ash  for  that  of  the  body.  The  life  of  a  tramcar  in  America, 
properly  maintained,  is  from  25  to  30  years.  On  tl.c  New  York 
and  Haarkni  Tramway,  cars  placed  tfiorc  111  1S5;  arc  still  running. 
Mr.  Bancroft  states  that  the  wlucls  last  for  about  30,000  miles, 
and  the  axles  for  from  200,000  tu  300,000  miles.  On  tramways 
of  from  4  to  8  miles  in  length,  with  gradients  varying  up  to  i  in 
25,  cars  taking  80  passengers  as  a  maximum  load,  are  drawn 
usually  by  two  horses;  in  very  hot  weather,  a  third  horse  is 
occasionally  attached  to  assist  the  others  on  a  steep  incline. 

The  price  of  "top-seat"  cars  in  America  is  about  11,000 
dollars,  or  £2^9- 

Mr.  Martineau  *  gives  the  following  table  of  the  capacity  and 
the  weight  of  tramway  cars  and  w  aggons : — 

Wbight  of  English  and  Foreign  Cars,  constructed  by 

THE  Starbuck  Car  and  Waggon  Company. 

Cars  :—  ^'^^tx^ 

London,  car  to  seat  22  in  and  22  out  .      .      .  49  3  o 

Hoylake        „        22  24        •      •       •  4^    3  7 

Birkenhead   „       22     „     24  „    •      •      •  47    i  H 

Oporto  20     ,,     20        .       •       .  40    2  o 

Middiesbro'        *    16  16  „    .      .      .  34   o  o 

Naples,  open  car,  with  5  transverse  seats,  to 

seat  20   21   I  20 

Naples,  car  to  seat  12  inside  only  (with  partition)  26  3  14 

n  tt       16       „  .      .      .  34  o  o 

Brussels       „        16        „  .      .      .  34    o  o 

Middiesbro'  14  •      .      .  24    i  o 

Sheffield  16  .      .      .  29  o  o  ■ 

Leeds  18  .      .      .  31    o  o 

Tramway  Goods  WaggONS: — 

Pemambuco  waggon  .       .       .       .       .       .  29  2  1 1 

Oporto  open  goods   27  1  o 

covered  goods        .      -      .       .       .  32  1  o 

Note* — The  weights  above  given  include  wheels  and  axles. 

*  Proceedings  of  the  Institution  of  Civil  Engineers^  vol  L, 
page  42. 
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From  this  statement,  it  appears  that  the  weight  varies  from 
2)  tons  for  a  full-sized  car  carrying  forty-six  passengers,  to  24  cwt. 
for  a  light  one-horse  car  carrying  fourteen  inside.  Some  heavier 
cars,  not  mentioned  in  the  tabic,  have  been  made  for  Russia, 
weighing  3  tons.  They  were  made  with  wrought*iron  under- 
framing,  iron  panels,  and  elliptic  springs.  The  bearing-springs  of 
tramcars  are  most  commonly  made,  wholly  or  partly,  of  india- 
rabber;  but  it  had  been  found  that  they  would  not  bear  the 
extxeme  and  lasting  cold  of  a  Russian  winter,  for  which  steel 
springs  are  indispensable.  Steel  springs,  in  connection  with 
screw-brakes,  which  are  preferred  by  Russian  engineers,  make  the 
Kussian  car,  of  course,  a  heavier  vehicle  than  English  cars. 

Light  one-horse  cars  are  used  in  England — principally  at 
Sheffield,  Leeds,  and  Leicester.  They  are  also  much  used  on 
the  Continent — in  Naples,  Oporto,  Antwerp,  and  Brussels—and  it 
appears  that  they  are  extending  in  use,  and  are  replacing  the  two- 
horse  car  with  roof-seats,  or  an  "  imperial,"  as  the  upper  stage 
is  designated.  As  Mr.  Martineau  justly  observes,  theie  can  be 
no  doubt  that  the  heavy  weight  of  roof-seats,  with  a  number  of 
people  on  them,  strains  the  iramework  of  a  car,  in  starting  and 
stopping,  and  that,  therefore,  cars  made  without  such  seats  last 
the  longest  It  has  been  said  that  the  essence  of  a  tramway  is  to 
keep  up  a  continuous  flow  of  traflic,  so  that,  if  possible,  a  car 
should  always  be  in  sight ;  and  the  principle  of  continuity  of 
service  may  often  be  more  economically  maintained  by  means  of 
one-horse  cars  than  by  heavier  cars  with  two  hones. 

Taking  wide  averages,  it  may  be  stated  that  the  number  of 
passengers  carried  per  mile  run  by  cars  is  seven.  The  significa* 
tion  of  this  statistical  item  is,  that  seven  passengers  are  taJcen  up 
and  set  down  per  mile  run  by  each  car.  Supposing  that  a  car, 
going  70  miles  in  a  day,  makes  four  stoppages  per  mile-run,  for 
passengers  and  interruptions,  it  would  be  stopped  and  started  nearly 
three  hundred  times  a  day.  When  it  is  reflected  that  a  2|-to& 
car  fully  loaded  with  passengers,  becomes  a  moving  mass  eqinl  to 
6  tons  in  weight— or,  half  loaded,  upwards  of  4  tons^it  is  dear 
that  tiie  duty  of  arresting  sucfa  a  heavy  mass,  with  the  resumption 
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<A  motion,  entails  a  vastly  greater  internal  stress,  comparatively, 
than  is  borne  by  ordinary  30-cwt.  omnibuses,  or  even  by  railway 
carnages.  Railway  carriages,  themselves  strongly  framed  though 
they  be,  shake  loose  in  the  framework.    The  elastic  oscillation  of 

the  body  framing  of  these  may  l)e  observed  at  the  doorways,  in 
many  instances,  when  a  train  is  started,  if  the  valve-gearing  of 
the  locomotive  be  not  equally  adjusted  so  as  lu  gcueraLe  an  even 
pull  on  ihc  train. 

l>ut  there  is  ihc  patent  objection  to  the  smaller  cars,  that  what 
is  fictitiously  called  the  dead  weight  "  of  the  ^nailer  car  con- 
stitutes a  larger  proportion  oi  tlic  L;ross  wciLjht  with  passengers, 
than  that  of  the  larger  car.  It  was  seen,  for  example,  that  the 
2§^-ton  car  can  carry  3^  tons  of  passengers — "paying  weight" — 
whereas  the  24-cwt.  car  can  take  little  over  a  ton  of  passengers. 
Otherwise — 

The  2.^-ton  car  weig'hs  ro8  cwt.  per  passenger 
The24>cwt.  171      m'  f» 

showing  that  the  lighter  car  has  57^  per  cent  more  ytfkgcX  of 
material  per  passenger  than  the  heavier  cac  There  is  a  certain 
degree  of  force  in  the  argument  thus  deducible  in  .favour  of  the 
heavier  car.  But  it  may  mislead.  Suppose,  on  the  contrary,  that 
the  heavier  car  conveyed  on  an  average  only  as  many  passengers 
as  the  lighter  car  with  its  load,  it  might  widi  an  equal  degree  of 
plausibility  be  made  to  appear  that  the  lighter  car  would  be  much 
the  more  economical,  since  there  would  be  a  gross  weight  of 
4^^  tons  against  only  3^  tons  for  the  lighter  car.  And,  £^ain,  the 
lighter  car  employs  only  one  horse,  whilst  the  heavier  employs 
two. 


CHAPTER  IL 


INSIDE  '  AND  '  OUTSIDJS  PASSENGER  TRAMCAR, 
CONSTRUCTED  BY  THE  METROPOLITAN  RAIL- 
WAV  CARRIAGE  AND  WAGGON  COMPANY. 

This  car — showo  in  Plate  I.  (Figs.  330  to  235) — ^was  constructed 
for  the  North  Dublin  Street  Tramways.  It  is  suited  to  the  railway 
and  tramway  gauge  of  Ireland — 5  feet  3  inches.  It  seats  ao  pas- 
sengers inside,  and  ss  outside :  total,  43  passengers.  The  weight 
of  the  car  is  about  2\  tons,  equivalent  to  1*19  cwt  per  passenger. 
The  weight  of  42  passengers  is  3  tons ;  and  the  gross  weight, 
fully  loaded,  is  5}  tons* 

The  body  o£  the  car  is  15  feet  3  inches  long,  and  6  feet 
8  inches  wide,  outside  measurement  It  is  about  10  feet  i  inch 
high  to  the  roof  seats,  and  the  total  height  over  all  amounts 
to  iz  feet  3  inches.  The  total  length  is  31  feet  3  inches,  in 
which  a  length  of  3  feet  is  allowed  at  each  end  for  the  phitform. 
The  length  of  the  body,  inside,  is  14  feet  i\  inches,  which,  for 
xo  seats  on  each  side,  provides  an  allowance  of  i7|-  inches  per 
passenger.  On  the  roo(  the  allowance  per  passenger  for  3  a,  or 
IZ  on  each  side,  amounts  to  about  t6|^  inches.  The  axles  are 
placed  at  centres  6  feet  apart 

The  roof-seats  are  approached  by  a  spiral  staircase  at  each 
end.  The  inside  seats  are  stuffed  with  the  best  curled  horsehair, 
and  covered  with  Utrecht  velvet  The  body  is  closed  by  a  sliding 
door  at  each  end.  All  the  mde  windows,  except  two  on  each  side, 
are  fixed ;  these  two  slide  downwards,  and  they  are  fitted  in  the 
dides  with  steadying  springs.  Sliding  curtains  are  mounted  on 
iron  rods.   Ventilation  is  provided  by  means  of  small  hinged 
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windows  under  the  outside  seats.  Two  lamps  are  fixed  within  the 
car. 

The  whole  of  the  framing  is  of  well-seasoned  oak  or  ash,  and 
the  panels  are  of  mahogany,  S  inch  thick.  The  doors  are  of  ash. 
The  roof  is  covered  on  the  outside  with  canvas,  rendered  thoroughly 
watertight  with  paint.  The  canvas  is  protected  by  boards  or  slats, 
formini^  footj)aths  for  outside  passengers. 

The  iinderframe  consists  of  two  side-soles,  3^^  by  3  inches,  two 
end-soles,  4^^  inches  wide  and  3  inches  deep,  rebated  for  the  floor- 
boards, and  four  cross-bats,  3.^  inches  wide,  and  2  inches  deep. 
The  flooring-boards  are  i  inch  thick,  let  flush  into  the  side-soles 
and  end-soles.  The  comer-pillars  are  3:}  inches  by  4^  inches, 
rounded  at  the  outer  angles.  There  are  seven  intermediate  pillars 
at  each  side,  between  which  the  side-windows  are  framed.  The 
upper  side-rails  are  2^  inches  square.  The  end-rails  are  inch 
thick,  shaped  to  the  form  of  the  roof;  and  tiiere  are  16  inter- 
mediate lOOf-Sticks,  14  inches  square,  placed  at  distances  of 
II  inches  apart  between  centres.  The  roof-boards  are  ^  inch 
thick,  and  the  flooring-boards  on  the  roof  are  i  inch  thick.  £ach 
platibnn  is  carried  by  three  cantilevers,  2}  inches  thick,  and 
5}  inches  deep  at  the  middle,  bolted  to  the  undeiframe  of 
the  car. 

The  wheels  and  the  axles,  Figs.  236,  337,  238,  are  of  cast  steel. 
The  wheels  aie  30  inches  in  diameter,  and  are  each  formed  with 
six  spokes ;  one  of  them  is  keyed  fast  on  the  axle,  and  the  other 
is  loose  and  revolves  independently;  it  is  formed  with  a  nave 
S  inches  in  length,  hollow  in  the  middle*  making  a  receptacle  for 
oil  The  rim  is  24  inches  wide,  and  is  fonned  with  a  flange  pro- 
jecting ^  inch  from  the  tread  of  the  wheel,  according  to  the 
section.  Fig.  238.  The  axle  is  s}  inches  in  diameter  between  the 
wheels,  and  sf  inches  in  the  naves  of  the  wheelsL  The  journals 
aie  if  inches  in  diameter,  and  4f  inches  long.  They  are  formed 
with  flat  ends,  without  collars,  and  they  take  thm  bearings  endwise 
against  steel  wearing«plates,  inserted  in  the  axle-boxes.  The 
diameter  of  the  tread  is  3  feet  6  inches  next  the  flange,  and  it  is 
f  inch  less  at  the  outer  edge,  making  a  slope  of  A  inch,  or  i  in 
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34t  on  the  face  of  the  tread  The  rim  is  I  inch  thick  at  the  outer 
edge.  The  two  wheels  are  placed  on  the  axle  at  a  distance  of 
5  feet  inches  between  the  backs  of  the  tyres,  which  is  i£  inches 
less  than  the  gauge  of  the  rails  ;  so  that,  deducting  the  thickness 
of  the  two  flanges,  \  inch  remains  for  phv.  When  the  wheels, 
thexefore,  stand  centrally  on  the  rails,  the  flanges  are  just  i  inch 
clear  of  the  rail  at  each  side.  This  is  an  important  point.  It  is 
necessary  that  the  flanges  of  the  wheels  should  not  touch  or  revohre 
against  the  inner  ledges  of  the  rails ;  in  order  that  any  binding  of 
the  way»  and  increased  resistance^  and  probable  alteration  of 
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gauge,  or  derailment,  may  be  avoided.  It  is  well,  therefore,  that 
.  the  clearance  between  the  flanges  and  the  treads  of  the  lails 
should  be  limited  to  what  is  just  requisite  for  free  diculation,  and 
the  whole  remaining  width  of  the  groove  given  to  tlie  inside. 
There  is  another  advantage  in  this  disposition  of  the  wheds,  that 
detritus  collected  in  the  groove  is  the  more  easily  pushed  aside  by 
•  the  action  of  the  flanges.  The  length  of  the  axle  between  the 
centres  of  the  Journals  is  6  feet  4  inches,  being  13  inches  larger 
than  the  width  of  gauge.  The  overhang  of  6|  inches  at  each  aid 
—or  5  inches  from  Uie  nave  of  the  wheel — confers  the  advantage 
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of  some  degree  of  elasticity  of  action,  as  between  the  rigid  bearing 
of  the  wheel  on  the  rail  and  the  bearing  of  the  axle-box. 


FiG.  237.   Dublin  Tram-       Flo.  238.    DubUn  Tkancw:— Seclioa 
car  :  — Side  view  of  (tf  rim  of  wlwdU  Scale}. 

vbeeL  Scale  tV- 

Tbe  azle-boxes,  Fig.  239,  aie  of  American  pattern;  they  are 


FlO.  839.   Dublin  Tramcar :—  Fig.  240.   Dublin  Tramcar 

AjJe-bos.  Scale  |.  Section  of  brass  bearing  in 

axle-box.    Scale  \. 

■  exoeUenily  constructed,  with  lubrication  by  oi].  They  are  very 
simple.  The  body  of  the  box  b  cast  in  one  piece,  with  a  leoep* 
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fade  in  the  lower  part  for  cotton- wasted  which  is  soaked  vith  oil, 
and  Inp^:  the  journal  below.  The  brass  or  gun-metal  beariag,  Fig. 
240,  is  formed  with  a  hollow  in  the  upper  side,  as  a  leceplade  for 
oil,  which  is  iDtroduced  through  a  hole  in  the  top  of  the  V  ox.  and 
is  admitted  upon  the  journal  througli  two  oil  holes  in  th<;  brass. 
The  brass  bears  upon  the  journal  for  all  its  length,  but  is  restricted 
to  a  narrow  width  of  contact,  about  i  \  inches,  upon  the  journal : 
being  five«ighths  of  the  diameter.  The  horizontal  area  of  the 
bearing-surface  on  one  journal  is  (4!  x  5*64  square 

inches,  upon  which  the  maximum  load  is  a  fourth  of,  say,  5  tons, 
or  a,8oo  pounds — equivalent  to  500  pounds  on  the  square  inch  of 
bearing-suiface*  Again,  for  the  horizontal  area  of  the  journal, 
which  amounts  to  (4I  X  i|  S-41  square  inches,  the  majimum 
load  is  equivalent  to  333  pounds  per  square  inch.  These  are 
great  amounts  of  pressure  concentrated  on  a  square  inch  of 
surface.  They  may  be  contrasted  with  the  corresponding  distribu* 
tion  of  pressure  on  the  axle-journals  of  railway  loUmg  stock : — 

TnuBwajr  c«r.  iUUvmy  stock. 
Um.  ink. 

Load  per  square  inch  of  bearin^^  surface     .    500  300 
Do.         do.         of  horizontal  area  of 

journal  •      .      .  333  324 

It  may  here  be  noted  that  the  gross  weight  of  the  Birmingham 
Central  double  bogie  car^say  8  tons — is  distributed  at  the  rate  of 
360  pounds  per  square  inch  of  horizontal  area  of  journals. 

The  excess  of  pressure  in  tramway  cars  is  warranted  by  the 
limited  speed  of  tramway  traffic,  with  the  frequency  of  stoppages. 
But  there  is  another  featufe  in  this  axle-box,  of  great  utility— the 
grit-shield,  made  of  papier-i.iach^,  which  embraces  the  axle^  and 
is  let  into  a  groove  formed  in  the  back  of  the  axle-box.  The 
shield  not  only  excludes  dust  and  dirt  from  the  axle-box,  but  it 
also  aids  in  preventing  waste  of  oit 

Th^  brass  is  free  to  slii.;  laterally  under  the  upper  part  of  the 
axle-box,  and  is  slightly  rounded  at  the  surface  of  bearing  on  the 
box.  The  needful  end-resistance  is  supplied  by  the  steel  bearing- 
plate,  already  noticed,  let  into  and  sustained  in  vertical  grooves  in 
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the  front  part  of  the  box,  to  oppose  the  end  of  the  journal,  and 
limit  the  lateral  play  of  the  axle  in  the  axle-boxes  to  an  allowance 
of  f  or  \  inch.  The  journal  is  also  free  to  slide  laterally,  to  a 
limited  extent,  under  the  brass.  The  effect  of  all  this  freedom  of 
action  is,  that  the  liability  to  binding  or  heating  in  the  axle-boxes 
is  reduced  to  a  minimum,  whilst  the  traction  of  the  car  is 
facilitated. 

A  portion  of  the  front  of  the  axle-box  is  readily  removable,  so 
that  every  part  of  the  axle-box  may  be  opened  to  inspection,  and 
the  brass  withdrawn,  or  the  stuflin:^  renewed.  The  axle-box,  as  a 
whole,  may  also  be  withdrawn  firom  the  axle. 

The  axle-guards  are  of  cast  iron,  bolted  to  the  side-soles.  They 
are  formed  with  broad  bearing-surfaces,  to  support  the  axle-box  for 
its  whole  length,  from  front  tcr  b'ai^k,  and  with  a  recess  at  each  side 
of  the  axle-box,  in  which  the  bearing-springs  are  lodged.  The 
springs  are  of  india-rubber,  two  to  each  axle-box,  manuiactuied 
by  the  North  British  Rubber  Company.  They  are  banel-shaped, 
and  placed  on  end,  each  of  them  between  two  dished  washers, 
upon  the  lateral  extensions  of  a  wrought-iron  saddle,  which 
bestrides  the  axle^ox.  The  stde^les  of  the  car  take  a  bearing 
upon  the  upper  ends  of  the  springs. 

The  bearing-springs  are  fonned  of  a  special  compound  of  india- 
rubber,  stiffer  than  pure  rubber,  so  as  to  dispense  with  the  aid  of 
steel  as  an  auxiliary.  There  is  no  need  for  steel  in  combination 
with  rubber  anywhere,  provided  that  a'  sufficient  area  of  base  is 
obtained  for  the  rubber.  There  is  a  pair  of  india-rubber  springs 
over  each  axle-box,  which  are  about  7  inches  high,  when  un- 
loaded, and  4i  inches  in  diameter  at  the  middle.  They  are 
reduced  in  he^ht  |  inch  by  compression  under  the  empty  car, 
under  a  net  weight  of,  say,  2  tons;^  Divided  over  eight  springs, 
the  comfHresstng  weight  per  spring  is  |  ton-^whence  it  is  deduced 
that  the  springs  yield  at  the  rate  of  (f  X  4  =)  li  inches  per  ton 
on  each  spring,  in  the  first  stages  of  crmpression.  Under  the  net 
load  of  5  tonsy  the  load  per  spring  4irould  be  (5  -r  3  I  ton, 
and  the  total  deflection  would  be'(ii  x  I  =)  nearly  x  'mch  for 
each  spring. 
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The  brake,  on  the  system  known  as  Stephenson's,  of  New  York, 
is  worked  at  the  platform  at  each  end  of  the  car.    A  block  of 
cast  iron  is  a]»pUed  to  each  wheel.    The  blocks  are  hung  as  two 
pairs,  each  pair  on  a  transverse  swing-beam,  a]  |ili<  aMe  to  one  pair 
of  wheels.    The  beams,  when  not  under  pressure,  hnngfreeof  the 
wheels.    The  power  is  applied  by  hand  by  tiinuny;  a  vertical  iron 
shaft  or  spindle,  on  which  a  chain  is  coiled.    The  chain  is  con- 
nected to  one  end  of  a  long  intermediate  transverse  lever,  pivoted 
under  the  centre  of  the  car,  from  which,  by  pulling-rods  pinned  to 
it  near  the  centre,  the  swing-beams  and  brake-blocks  are  pulled 
into  contact  with  the  wheels.    The  actual  pressure  applied  to  the 
wheels  in  this  manner  may  be  cilmlated  from  the  dimensions  of 
the  brake-gear.     The  handle,  or  crank,  has  a  radius  of  lo  inches, 
whilst  the  chain  is  roiled  on  the  shaft  to  a  mean  rad.ius  of  about 
I  inch.    Next,  the  chain  ])ulls  the  intermediate  lever  at  a  radius 
of  22A  inches,  measured  from  the  central  pivot,  and  the  pulling- 
rods  are  connected  at  a  radius  of  4^  inches.    Applying  these  data, 
the  pressure  applied  at  the  handle  is  multiplied  or  intensified  72 
times  when  it  is  transmitted  to  and  applied  to  the  wheels:  calca- 
lated  thus,  in  tenns  of  the  rados : — 

Ratio  of  Inchci.  Indict, 

Handle  to  chain  .  .  •  •  •  10  to  | 
Long  lever  to  short  lever      «     •     .  22^  to  4^ 

Final  ratio    •      •      •      «  22$    to  3*94 

or.  Leverage  of  the  power  .     •  57    to  i 

Suppose  that  a  man  can  apply,  on  emergency,  a  pressure  of 
56  lbs.  to  a  crank-handle.  The  statical  equivalent  of  this  piessuie 
at  the  handle  is  (57  x  56  =)  3,192  lbs.  at  the  tyres  of  the 
wheels,  or  1*42  tons.  This  is  the  breaking  force  that  may  be 
applied  to  the  wheels;  and,  supposing  that  the  coefficient  of 
frictional  resistance  between  the  brake-blocks  and  the  wheels  is  the 
same  as  that  between  the  rails  and  the  wheels,  it  would  a:ppear 
that  the  wheels  may  not  be  skidded  by  the  application  of  diis 
brake,  even  when  the  car  is  empty,  when  the  weight  is 
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2\  tons.  Of  Gonne,  with  itt  oomplemeDt  of  weighty  as  passen- 
gers, adding  a  ton  and  a  half,  and  making  up  3  tons  gross, 
it  is  still  kss  pnurticable  to  skid  the  wheels,  unless  the  00- 
efficient  of  friction  of  the  lirake*blocks  is  considerably  greater  than 
that  upon  the  rails.  In  practioe,  tiie  wheels  can  be  skidded  by 
the  brake. 

Framework  of  such  tender  scantling  as  that  of  the  tramway  car, 
with  a  contracted  wheel-base,  great  overhang,  and  seat-room  for  a 
heavy  load  of  passengers,  it  is  needful  to  stiffen  by  means  of  truss- 
rods.    The  underframe  is  strengthened  by  a  trussing  of  iron  ban 


J—' 

FlO*  241.    Disc  car- wheel  and  axle. 
Scale 


Fio.  242.    Disc  car-wheel. 
Section  of  tyie.  Scale  \, 


applictl  under  the  seats,  with  tightening  screws  at  the  ends,  under 
the  side-soles ;  and  by  tie-bars  and  diagonal  rods  connecting  the 
axle-guards  and  the  side-soles.  The  roof,  too,  being  of  the  form 
of  an  interrupted  arch,  to  make  a  su])port  for  the  roof-seats, 
requires  to  be  trussed  ;  and  in  order  to  stiftcn  the  roof,  a  segmental 
tniss-rod  is  applied  at  eacli  side,  suspended  between  the  ends  ot 
the  body,  and  clasped  to  the  roof-ribs. 

The  price  of  this  car,  to  the  Irish  gauge,  is  ;^i94,  at  the  works ; 
to  the  English  gauge,  the  price  of  the  car,  of  ecjual  capacity,  is 
^^193  los.  The  weight  in  each  case  is  taken  at  si  tons. 
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The  ordtnaiy  solid  disc-wfaeds  and  »Ies  employ^  by  the 
Metropolitan  Company  for  tramcars,  are  shown  in  Figs  241, 242. 
The  wheels  are  dished  inwardly,  with  stiffening  flanges  on  the 
back  :  they  are  30  inches  in  diameter.  The  naves  are  4  inches 
deep,  and  are  simply  driven  tightly  upon  the  axle,  vhere  they 
remain  without  the  aid  of  keys.  The  disc  is  |  inch  th  ck  at  the 
nave,  and  is  reduced  to  a  thickness  of  f  inch  ai  ihc  j  im.  The 
rim  is  2 2  inches  broad,  comprising  the  thickness  of  tlic  flange, 
\  inch,  and  the  width  of  the  tread,  2\  inches.  The  tlanpe  projects 
^  inch  from  the  tread  ;  the  axle  is  3  inches  in  diairieLer  between 
the  wheels.  24  inches  in  the  naves;  and  the  journals  are  2  inches 
in  diameter,  by  5i  inches  long. 
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CHAPTER  111. 

INSIDE  PASSENGER  TRAMCAR,  CONSTRUCTED 
Br  THE  STARBUCK  CAR  AND  WAGGON 

COMPANY. 

The  passenger  tramcar,  to  hold  eighteen  passengers  inside,  illus- 
trated by  Plate  II.  (Figs.  243  to  247),  is  an  excellent  example  of 
its  kind.   The  body  is  14  feet  long  and  6  feet  7  inches  wide. 


Fio.  248.  Section  of  vhecl-tyre  of  the  Statbnck  car.  Scale  |. 

outside  measure.  The  clear  length  inside  is  about  13  feet  3  inches, 
which,  for  nine  persons  on  each  side,  contains  an  allowance  of 
\1\  inches  for  each  passenger.  This  allowance  is  liberal;  in 
omnibuses,  16  inches  only  is  allowed.  The  weight  of  the  car  is 
31  cwt;  equivalent  to  172  cwt  per  passenger.  The  total  length 
of  the  car,  over  the  platforms,  allowing  3  feet  for  each  platform, 
is  20  feet;  and  the  extreme  height,  above  the  rails,  is  9  feet 
3  inches.  The  gauge  of  the  rails  is  4  feet  8^  inches. 
The  wheels  are  a  feet  6  inches  in  diameter,  of  cast  iron  chilled 
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at  the  tread  and  the  flange,  which  aie  of  the  section  shown  ia 
Fig.  34S ;  the  axles  are  3  inches  in  diameter,  and  are  of  best  soap 
iron.  They  are  phiced  at  a  distance  of  5  feet  6  inches  betwen 
centres.  The  bearing-springs  are  of  india-rabber — ^two  blod^s  to 
each  axle-bearing.  The  brake  is  of  the  same  design  as  tbst 
already  described  for  the  Dublin  car;  but  the  proportions  are 
difierent,  thus : — 

Ratio  of  Inches.  Irchcg, 

Handle  to  chain  9   to  1 

Long  lever  to  short  lever  .      .     .     .    24  to  3 

Final  ratio      •      .      .      •  216  to  3 
or.  Leverage  of  the  power    •     •    73  to  i 

For  a  pressure  of  56  lbs.  at  the  handle,  the  statical  equivalent 
at  the  wheels  is  {72  x  56  =•)  4,032  lbs.,  or  nearly  2  tons— a  con* 
siderably  greater  pressure,  for  a  considerably  lighter  vehicle,  than 
was  found  in  the  Dublin  car.  In  short,  the  leverages  are  respec- 
tively as  follows : — 

Total  wcicfat        Lavango         Le*enif«  per 
Car.  halMoadad.        of  bi«ke.  ... 


Metropolitan  .  .  4^  tons  ...  57  to  1  ...  13*4  to  1 
Starbuck    .      .      •3m      ...  7s  to  1   ...   34   to  i 

iSuch  variations  of  practice  point  to  the  greater  strength  and  power 
•of  resistance  to  braking  stress  01  the  solid-roofed  cars,  relative  to 
cars  with  interrupted  roofs  and  top-loads. 
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at  the  tread  and  the  flange  which  art  of  the 

W  248 ;  the  ax!«  ore  3  inches  in  diiinrttf,  and  ait  flfW« 

centres.  The  l^aring-springs  are  of  tnda-^bl^-^l^ 
each  axle-beanng.  The  Uake  is  of  the  s««  dc-p^^ 
already  descnbal  for  the  Dublin  car;  bet  tie 
liiffervnt,  thus:- 


HandJe  to  chain 
haag  Ie\cr  to  short  levfr 

Final  ratio 
or,  Uveragcofthcpo«r 


lici»  W« 

9  »  1 

-J  to  I 


c  Mh^atthehaDdk.thestaMl«^«i* 


57  to  ;  - 

;jtoJ  -  ^ 


.|,  OS  follows:- 

Mftropo/iran    •  *^ 

•     •     ■      "  ^tffl«tl>»Ji** 
•      r  nnf tice  point  to  the  ^^jTl.  j^^* 
,  variations  of  P^^^f^  ^  ^^e  solid-roof^  ca«^«* 
•.stance  to  bra^.ngst««  ^j^^ 

„:.hin:crnipted  roofs  a«^'P* 


CHAPTER  IV. 


JNSTDE'AND-OUTSIDE  PASSENGER-CAR  FOR 
STEAM  TRACTION,  CONSTRUCTED  BY  THE 
FALCON  ENGINE  AND  CAR  WORKS. 

LOUGHBOROUGH. 

This  car— shown  in  Plate  III.  (Figs.  249,  950),  and  farther 
illustrated  in  Figs.  351  to  353 — was  constructed  for  the  Biimingham 
Central  Tnunways,  on  a  gauge  of  3^  feet,  to  carry  tfaitty  passengers 
inside  and  thirty  outside.  It  runs  on  eight  21-inch  wheels,  set  in 
two  swivelling  bogies.  The  body  is  of  the  usual  street  car  type, 
having  a  platfonn  and  staircase  at  each  end,  and  an  awning  over 
the  top  seats.  The  dimensions  are — 

Lcng^th  inside  body,  20  feet  \  inch,  or  i6  inches  per  passeoger. 
Lenirth  ov»*r  pla;t<>rms,  29  feet  i|  inches. 
Width  outside  pillars,  5  feet  6J  inches. 
Width  over  all,  5  feet  9  inches. 
Height,  14  feet 

Distance  apart  of  bogies,  between  centres,  19  feet  8|  inches. 

The  bottom  frame  is  of  oak,  put  together  with  white  lead,  and 
where  necessar)',  with  oak  pins.  Each  side  is  trussed.  The  side 
and  corner  pillars  are  of  ash.  The  waist  panels  are  of  Honduras 
mahogany,  and  the  rocker  panels  of  whitcwood.  The  inner  siiles 
of  the  panels  are  covered  with  canvas  glued  on.  The  panels  are 
pinned  to  every  pillar,  except  the  end  pillars,  to  wliich  they  aie 
screwed ;  they  are  glue-blocked  to  the  battens. 

The  floor  is  of  i-inch  red  deal,  tongued  and  grooved,  nailed 
down  to  the  bottom  frame.   Wearing  grids  are  formed  of  longi- 
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tudlnal  strips  of  white  deal,  nailed  to  the  floor.  The  jroof  ribs  axe 
of  American  elm  or  English  ash,  bent  to  the  curves  and  coveted 
with  pitchpine  tongued  and  grooved.  Canvas  is  put  on  with  white 
lead,  and  painted  outside  with  four  coats  of  white  lead  paint.  The 
doors  have  frames  of  cheny,  panelled  at  the  bottom  with  light  wood 
and  at  the  top  with  glass.  They  are  hung  on  brackets  and  rolleis 
at  the  top,  and  are  fitted  with  friction-plates,  handles,  and  catches. 

The  inside  casiugs  are  framed  together,  and  fitted  with  foocf 
wood  patterns  finished  in  their  natural  grain,  A  swing  door  widi 
glass  panel  is  fixed  on  the  side  where  the  car  door  slides  in.  The 
windows  are  of  best  polished  plate-glass,  and  |-inch  bare  in  thick* 
ness,  fixed  in  grooved  india-rubber.  The  blinds  are  of  curtain 
form,  of  mohair  mounted  on  polished  brass  rods.  The  seats  and 
backs  are  of  perforated  veneer  in  one  piece,  suitably  carved, 
finished  in  the  natural  grain,  and  French  polished.  The  inside 
hand  raUs  are  of  wrought^iron  tube  with  screwed  ends.  They  act 
as  tension  rods  to  keep  the  roof  in  proper  form.  A  sufficient 
number  of  hand-straps  are  provided.  There  are  two  lamps,  one  at 
each  end  of  the  car.  Their  reflectors  are  fluted  glass  mirrors, 
showing  a  strong  light  to  the  car  and  a  coloured  signal  light  out- 
side. Ventilators  are  fixed  inside  of  the  roof.  Cords  are  pro- 
vided to  be  connected  with  the  gong  on  the  engine. 

The  platfoims  are  of  i-inch  red  deal,  4^  feet  long.  The  firamcs 
and  supports  are  of  angle<iron,  with  oak  bearers.  The  off-sides  are 
railed  in.  The  entrances  are  fitted  with  gates  and  locks.  The 
flooring  is  either  tongued  and  grooved  or  open-jointed.  The  steps 
ore  of  hard  wood,  on  wrought-iron  brackets.  The  dash  or  fence  is 
fomned  of  wrought-iron  rails  supported  by  suitable  standards,  with 
a  hand-rail  at  the  top,  and  shut  in  outside.  A  light  staircase  is 
fixed  to  each  platform  to  give  access  to  the  scats  on  the  roof.  The 
stair  has  sheet-iron  strini;t  rs  and  risers  and  wood  treads.  The 
risers  are  flanged  to  receiNe  llie  treads  and  secure  the  stringers. 

The  frames  of  the  bonnets  arc  of  ash  or  American  elm,  bent  to 
llic  curves,  and  {\)\ere<l  with  jtine  and  canvas,  as  specified  for  the 
roof;  fixed  to  the  rnds  of  the  cars  witli  wrought-iron  brackets. 

The  top  seats  arc  of  slat-and- space  construction,  with  reversible 
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backs.  The  skts  are  of  pitch-pine  or  other  suitable  wood,  w- 
«  nished  the  natural  colour.  A  light  wooden  roof  covered  with 
canvas  is  supported  by  iron  standards.  The  upper  part  of  each 
end  is  glazed  and  fitted  with  a  deal  door.  Wearing  slats  of  deal 


Fio.  352.  Car  for  steam  Uractioo :  bo^  Flan. 


are  fitted  alongside  the  roof  and  across  the  bonnets.  A  light  and 
strong  hand-rail,  2^  feet  high,  of  wroiight-iron  tube  with  wrought- 
iion  feet,  all  screwed  together,  is  serurcly  fixed  round  the  top.  of 
the  car  and  on  the  outer  side  of  each  staircase. 
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The  bogies,  Figs.  251  to  253,  are  of  wxougbt-iion.  The  axles 
of  each  bogie  are  3^  feet  apart  The  sides  are  cut  out  off-inch 
solid  plates,  forming  guides  for  the  axle-boxes.  The  centres  are  of 
cast  iron,  with  convenient  means  for  oiling.  Friction  rollers  are 
fitted  on  each  side  to  limit  the  tilting  of  the  car.  The  wheels  are  of 
chilled  cast  iron,  from  America,  21  inches  in  diameter,  bored  to 
2f  inches  in  diameter.  The  axles  are  of  mild  steel,  turned,  with 
2  J-inch  journals,  having  5^  inches  length  of  bearing.  The  wheels 
are  forced  into  their  proper  places  on  the  axles  by  hydraulic 
pressure.  The  axle-boxes  are  formed  with  oil  wells,  and  to  exclude 
dust  and  dirt.  The  bearings  are  of  gun-metal.  There  are  double- 
spring  check  plates  to  limit  end  i)lay.  The  lids  are  of  wrought 
iron,  fixed  with  a  hook  at  the  top  and  a  bolt  at  the  bottom.  The 
springs  are  of  coiled  steel.  The  deflection  of  the  springs,  when 
fully  loaded,  amounts  to  \  inch. 


FlO.  S53.  Car  for  steam  traclion :  bogie.  End  view. 


A  wrought-iron  draw-bar  is  connected  to  each  bogie  as  near 
as  possible  to  its  centre.  Brake  blocks  of  chilled  cast  iron, 
supplied  one  to  each  wheel ;  worked  by  means  of  a  hand-wheel 
under  the  stair  at  each  end  of  the  car,  and  arranged  to  connect  to 
the  break  chain  from  the  engine. 

The  iron  work  is  of  B  B  Staffordshire  or  other  iron  of  equal 
quality.  It  is  required  to  be  of  light  but  strong  design  and  first- 
rate  workmanship. 

The  outside  of  the  car  receives  three  coats  of  lead  priming, 
eight  coats  of  filling-up,  stopped  and  rubbed  down,  painted,  picked 
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out,  fine  lined,  and  lettered  according  to  colours,  patterns,  and 
wording,  to  be  supplied  by  the  purchaser.  Finished  with  fhree 
coats  of  durable  body  varnish  outside ;  and  French  polished  inside, 
except  the  roof,  which  is  varnished  with  finishing  body  varnish. 


Do.,  fully  loaded  with  60  passengers,  weighing 
4  tons,  at  the  rate  of  15  passengers  per  ton  .  7  18 

The  gross  weight  may  be  taken  as  8  tons,  or  s  tons  per  axle, 
or  X  ton  per  wheel.  The  total  horizontal  bearing  area  of  the 
journals  may  be  taken  at  50  square  inches,  and  the  gross  load 


square  inch. 

The  we^ht  of  the  car  unloaded  is  1*30  cwt  per  passenger. 


Tnn«.  CWtei 


Weight  of  car,  unloaded 


3  iS 


round  number,  360  lbs.  per 
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RADIAL-AXLE  PASSENGER  TRAMCAR,  BY 
MR.  JAMES  CLEMTNSON. 

Mr.  Cleminson*s  system  of  three  axles,  forming  a  self-adjusting 
or  flexible"  wheel-base,  complies  with  the  conditions  of  the 
problem  of  a  free  passage  along  curves  in  a  satisfactory  manner. 
The  axles,  with  their  axle-boxes,  springs,  and  guards,  are  mounted 
in  independent  frames,  one  to  each  axte,  separate  from  the  main 
underframe  of  the  carnage.  The  end  frames  are  fitted  with  central 
pivots,  on  which  they  swivel  freely,  whilst  the  middle  frame  is  so 
arranged  that  it  can  slide  transversely.  The  three  frames  are 
connected  together  by  articulated  radiating  gear,  so  that  they  act 
sympathetically,  in  such  a  manner  that  when  the  carriage  or  the 
car,  leaving  a  straight  portion  of  the  way,  passes  on  to  a  curve, 
the  end  axles  are  deflected  horizontally,  forming  angles  with  the 
central  axle,  and  taking  up  radial  positions  coincident  with  the 
radii  of  the  curve.  By  means  of  such  self-acting  adjustment,  the 
car  rolls  freely  round  die  curve.  When,  conversely,  the  car  passes 
from  the  curve  to  the  straight  line,  the  axles  resume  their  paral- 
lelism, and  the  car  rolls  on  naturally  in  a  straight  line.  The 
automatic  acdon  arises  from  the  translation  of  the  middle  axle  and 
frame  transversely,  on  a  curve :  the  relative  lateral  movement  of 
the  middle  frame  is  communicated  to  the  near  sides  of  the  end ' 
frames,  causing  them  to  swivel  on  their  pivots,  and  to  turn  the  end 
axles  into  appropriate  radial  positions. 

Mr.  Cleminson*5  radial-axle  tramcar.  Fig.  254,  has  been  at  work 
on  the  Dublin  and  other  tramways.  The  wheels  are  placed  widely 
apart  under  the  body  of  the  car,  and  the  pitching  movement  inci- 
dental to  the  working  of  tramcars  constructed  with  the  ordinary 
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contracted  wheel-base,  is  extinguished.   This  car  seats  18  passen- 


gers inside,  and  20  outside  ;  total  number,  38.  The  Nveight  of  the 
car  is  45  cwt.,  equivalent  to  118  cwt.  per  passenger. 


CHAPTER  VI. 

FRENCH  TRAMCARS. 

The  wmiir  car^  designed  and  constructed  by  M.  Lten  Francq, 
for  the  tramways  from  the  Arc  de  Triomphe  to  the  Porle  Maillot, 
accommodates  14  passengers  inside,  and  7  standing  on  each  plat- 
form ;  total  number,  28.  The  weight  of  the  car,  empty,  is  1*57 
tons ;  with  passengers,  3  36  tons. 

Feet.  Inches. 


Total  length*  extreme  .  .  .  .  .  19  o 
Length  of  the  body   .      .      .  '    .      .      .   ti  9^ 

Length  of  each  platform  3/1^ 

Length  inside  1^  Si 

Space  per  passenger,  width  .  .  .  •  I  7i 
Width,  transversely,  of  seats  ....15 

Height  of  seats  i  7i 

Width  of  passage  way,  between  seats  •    2  9^ 

Width  of  body,  outside  67 

Width  of  doors  < 

Hci^ht  tif  doors  -511 

Maximum  lieiij:ht.  insicli!  .•.,.69^ 

Diameter  of  wheels  (four)  24 

Distance  apart  of  axlei>,  between  centres  .  'Si 


With  dimensions  so  spacious,  this  car  weighs  only  i*ia  cwt  per 
passenger,  or  about  4  per  cent,  more  than  the  inside<and*outside 
car,  described  at  page  360.  The  body  is  constructed  as  ordinary 
coach-work,  with  cross-bars  of  double  T  ^ron.  The  panels  and 
the  fences  of  the  phuforms  are  of  sheet-iron,  varnished.  The 
springs  were  originally  constructed  on  the  Belleville  system,  con- 
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sistiDg  of  dished  steel  plaleSi  piled  on  a  spindle ;  but  they  have 
been  replaced  by  ordinary  springs  of  india-nibbcr,  barrcl  shaijed, 
like  those  already  described,  standing  8  inches  high,  and  4  inches 
in  dianieter  at  the  middle.  The  brake  is  on  Stephenson's  system 
app]'^^^  to  all  the  wheels.  The  price  of  the  car  delivered  was 
£iZo, 

The  resistance  of  the  car  to  traction,  on  a  level,  varies  from 
\\  lbs.  to  22  Ibf;.  per  ton,  according  to  the  state  of  the  way,  at  a 
speed  of  71^  or  8  miles  per  hour. 

The  summer  ear^  designed  by  M.  Francq,  has  nearly  the  same 
leading  dimensions  as  those  of  the  winter  car,  and  accommodates 
the  same  number  of  passengers  inside  and  on  the  platforms.  The 
sides  and  the  ends  of  the  body  are  open  above  the  seats,  but  they 
are  provided  with  curtains.  The  weight  of  the  car,  empty,  is  r*37 
tons,  equivalent  to  i  cwt  per  passenger.  The  price  of  the  car 
delivered  was  ^£160. 

The  Compagnie  G^^le  des  Omnibus  use  large  cmmibuses 
(see  Plate  IV.,  Figs,  355,  256),  for  inside  and  outside  passengers, 
on  the  outer  boulevards,  on  the  line  between  the  Etoile  and  La 
Villette.  There  are  seats  for  so  passengers  inside,  23  outside,  and 
standing  room  on  the  platform  for  6  passengers;  in  all,  48.  The 
body  is  16  feet  5  indies  long  outside ;  the  platform  at  the  back 
projects  4  feet  10  inches  beyond  the  body ;  the  steps  project  7 
inches  fiuther  back ;  whilst  the  drivers  seat  in  front  projects  3  feet 
in  advance.  The  total  length  of  the  vehicle  is  24  feet  10  inches. 
The  width  of  seat-space  allowed  in  the  interior  is  19  inches  per 
passenger;  on  the  roof  it  is  r7t  inches.  The  width  of  the  body 
is  6  feet  7  inches  outside.  There  is  one  staircase,  at  the  end, 
leading  to  tlie  roo(  and  the  steps  off  the  platform  descend  end- 
wise. The  body  of  the  car  is  supported  on  transverse  framing  of 
wood,  mounted  on  four  wheels,  3  feet  3I  inches  in  diameter,  at  a 
distance  apart  of  7  feet  10}  inches.  The  wheels  on  one  side  of 
the  car  only  are  flanged,  and  are  keyed  on  their  axles;  those  on 
the  other  side  are  made  with  flat  tyres,  and  are  loose  on  theur 
axles^  The  fore-wheels  only  are  flanged ;  those  on  the  other  side 
are  made  with  flat  tyres*    The  fore-wheels  tun  in  a  movable 
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firam^  to  which  traces  for  two  horses  are  attadied,  and  which 
turns  on  a  perch-bolt,  and  admits  of  an  easy  passage  on  cur\'es. 
The  car  rests  on  laminated  springs,  having  a  span  of  39  inches. 
A  brake,  which  can  be  turned  by  the  driver,  may  be  applied  to 
the  hind-wheels  of  the  car.  The  cars  run  lightly,  and  the  resist- 
ance  to  traction  is  much  less  than  that  of  ordinary  tramcars.  The 
weight  of  the  car  empty  is  2*95  tons,  equivalent  to  1*33  cwL  per 
passenger.  The  weight,  when  loaded,  is  from  6  to  6^  tons.  The 
cost  of  the  car,  constructed  at  the  works  of  the  company,  is 
£260, 

The  cars  of  the  North  Company  are  seated  for  inside  pas- 
sengers only:  16  inside,  with  standing  room  for  16  on  the  two 
phuforms;  in  all,  32.  The  weight  is  if  tons  empty,  equivalent 
to  t  cwt  per  passenger;  the  weight  loaded  is  from     to  4f  tons. 

The  cars  of  the  South  Company  are  seated  for  16  inside, 
12  on  the  platforms,  and  18  outside;  in  all,  46.  The  weight  is 
2*20  tons  empty,  equivalent  to  '96  cwt  per  passenger;  loaded, 
the  weight  is  from  5  to  5*20  tons. 

Each  car  is  worked  with  8,  10,  or  12  horses;  each  pair  making 
a  journey  of  10  miles  per  day.  The  cars  run  from  53  to  56  miles 
per  day. 
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CHAPTER  VII. 


£AD£'S  REVERSIBLE  CAR. 

Eade's  car,  patented  in  1877,  was,  in  the  same  year,  started 
on  the  Salford  Tramways  by  the  Manchester  Carriage  Com- 
XJany.     The  principal  object  in  the  design  of  this  car  has 
been  to  obviate  the  necessiiv  for  unfastening  and  carrying  the 
draw-bar  and  pole  from  one  end  of  the  car  to  the  other  end,  at 
the  terminus  ; — a  duty  which  is  perfonncd  by  a  staft'of  men  known 
as  polc-shiftcrs.    The  body  of  the  car  is  swivelled  centrally  on 
the  undertranie,  and  can  be  turned  round  whilst  the  horses  remain 
in  harness,  and  the  driver  retiins  his  seat.    The  l)ody  is  secured 
in  position  by  a  simple  locking  apparatus.    There  is  but  one 
entrance  to  the  car,  at  one  end,  and  two  staircases  to  the  roof,  one 
at  each  side  of  the  entrance.    The  entrance  is  reached  by  three 
steps,  one  more  step  than  there  are  in  ordinary  cars,  as  the  body 
is  more  elevated  than  is  usual.    The  windows  are  at  a  higher  level 
tlian  is  usual)  and  they  are  considered  to  be  safer.   The  driver 
occupies  an  elevated  seat  in  front. 

The  body  is  seated  for  x6  inside  passengers,  and  18  outside 
passengers ;  in  all,  34  passengers.  The  body  is  la  feet  long,  and 
6^  feet  wide,  outside  measure.  It  is  ii^  feet  long  inside,  giving 
171^  inches  per  seat  The  seat -room  outside  is  xa  feet  long,  and, 
for  18  passengers,  is  equivalent  to  16  inches  per  passenger.  The 
total  length  from  the  front  of  the  dash-board  to  the  end  of  the 
Staircase,  is  17  feet  6  inches.  There  are  four  30-inch  wheels  to 
the  car,  constructed  with  cast-iron  nave,  wood  spokes  and  rim,  and 
a  flanged  steel  tyre.   One  wheel  on  each  axle  runs  loose,  and  it 
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is  said  that  the  traction  is  sensibly  eased  by  the  additional  frecd'-^m 
of  movement  thus  secured.  The  side-springs  are  ordinar}' 
laminated  steel  springs  as  used  in  omnibuses.  A  brake  block  is 
provided  for  each  wheel,  constructed  of  wood,  secured  by  four 
I -inch  iron  bolts,  which  take  a  bearing  with  the  wood  on  the 
wheel  This  construction  of  wood  and  iron^  it  is  stated,  bites 
more  keenly  than  either  wood  or  iron  alone. 

The  weight  of  the  car,  empty,  is  34  cwt,  equivalent,  for  34  pas- 
sengers, to  I  cwt  per  passenger.  So  low  a  latio  as  this  has  not 
been  attained  in  any  other  English  car  of  the  same  capacity.  The 
comparative  lightness  of  the  car  is  attained  by  employing  frame- 
work of  light  scantling,  wheels  of  wood,  and  smaller  axles 

It  is  reported  that  there  is,  by  the  use  of  the  reversible  car,  a 
saving  of  over  30  per  cent,  in  horse-power;  inasmuch  as  the  car 
can  be  worked  with  a  stud  of  8  horses  as  efficiently  as  the  ordinary 
car  with  12  horses.  Additional  cars  on  the  same  design  have  been 
constructed  for  the  service. 
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BEARING  SPRINGS.— WHEELSr-'ROAD'AND- 

RAIL  WAGONS. 

Bearikg  Springs. 

The  calculations  for  the  depression  of  side^springs,  at  page  365, 
are  but  roughly  approximate,  for  the  rate  of  compression  or  de- 
flection of  such  springs  diminishes  as  the  load  is  increased.  For 
instance,  for  the  barrel-shaped  india-rubber  springs  manufikctuted 
by  George  Spencer  &  Co.,  for  tramway  cars — 7  inches  high, 
4f  inches  in  diameter  at  the  middle,  and  %\  inches  in  diameter 
at  the  ends — ^the  deflections,  or  reductions  of  he^ht,  for  given 
vertical  loads  are  as  follows : — 


Gborgb  Spencer  &  Co.*s  India-rubber  Swngs. 


Load. 


To«t. 
O 

\ 

I 

>i 

a 


Total  beisht. 


laelwf. 

it 


Maxii 
diain«tar. 


Deflection,  or  re- 
duction of  height. 


For  a  similar  spring,  of  the  same  manufacture,  7  inches  high, 
5iV  inches  in  diameter  at  the  middle,  and  3}  inches  in  diameter  at 
the  ends,  the  deflections  were  as  follows : — 

« 
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Load. 

Total  height. 

^laximaai 
diamttflr. 

DeflectioR,  or  re- 
dacliimof  iMigfat. 

Ton*. 

Inches. 

Inches. 

O 

5iV 

O 

\ 

% 

1  » 

3U 

3iV 

The  deflections  ill  the  last  columns  increased  less  rapidly  than 
the  loads,  insomuch  that  the  rates  of  deflection  per  ton  of  load, 
under  increasing  loads,  were  as  follows : — 


Load. 


Tom. 

0 

h 

I 

2 


Deflection  per  Van  of  load. 


1st  spring. 

ted  spring. 

lochei. 

Incbet. 

1 

1 

I 

n* 

1 

i 

Under  a  load  of  5I  tons  net,  eight  of  these  springs  would  have 
each  to  support  |  ton,  corresponding  to  an  elastidty  measured  hy 
about  3}  inches  per  ton  for  the  first  spring,  and  about  2}  inches 
per  ton  for  the  second  spring.  These  deflections  are  much  greater 
than  those  of  the  North  British  Rubber  Companyi  page  365. 

It  appears  from  the  results  of  the  deflections  of  Mr.  Spencer's 
springs  that  the  elasticity  under  a  load  of  a  tons  is  only  about  half 
of  the  elasticity  under  a  load  not  exceeding  half  a  ton.  Also  that 
the  deflection  is  inversely  as  the  cube-root  of  the  quantity  of 
material  in  the  springs.  For,  the  diameters  of  the  springs  are 
respectively  4I  inches  and  5  A"  inches,  of  which  the  squares  are  as 
2  to  3,  and  are  as  the  quantities  of  matter  in  die  springs.  Now, 
the  deflections  under  2  tons  of  load,  are  x|  inches  and     inches ; 


BEARING  SPRINGS. 


and  ^  V  '  •  -^3  :  ^2  : :  1*44  :  1*26,  or  as  15  to  13.  That  is 
to  say,  the  cube-roots  of  2  and  3  inversely  arc  as  \\  to  \\. 

Further,  as  the  quantities  of  material  in  the  springs — being  of 
the  same  height  —are  as  the  stiuares  of  tlie  diameters,  the  deflec- 
tions are  inversely  as  the  cube-roots  of  the  squares  of  the  diameters, 
or  as  the  *  power  of  the  (hameter. 

The  rjiialit)'  of  the  india-riiliber  spring,  whereby  the  resistance  to 
compression  increases  more  rapidly  than  the  load,  is  in  ordinary 
conditions  objectionable ;  for  it  niomciuarily  intensifies  the 
resisting  stress  opposed  to  oscillations  of  the  car  fore  and  aft.  It 
contrasts  in  this  resj)ert  disadvantageoiisly  with  the  ordinary 
laminated  spring,  of  which  the  increase  of  deflection  is  uniform  for 
equal  additions  of  load.  Gut,  under  the  actual  conditions  of  a 
tramcar,  placed  on  axles  whicli  are  near  together,  with  consider- 
able overhanging  masses  at  each  end,  the  increasing  rigidity  of  the 
springs  under  increasing  pressure  has  a  poweiful  influence  to 
check  the  fore-and-aft  osciiiation  of  the  car,  and  to  reduce  the 
extent  of  the  oscillation. 

The  rubber  centre  spiral  springs,**  manufactured  by  Messrs. 
L.  Sterne  &  Co,,  offer  a  compromise  between  the  uniform  increase 
and  the  accelerated  increase  of  resistance  to  increase  of  load.  A 
pair  of  their  springs  of  the  C  pattern,  suitable  for  tramway  stodt, 
is  deflected  1*47  inches  under  a  load  of  1785  tons,  equivalent  to 
'86  inch  per  ton.  The  annexed  table  of  deflections  and  loads, 
based  on  the  results  of  experiments  made  by  Mr.  Kirkaldy, 
exemplify  the  compromise  referred  to,  showing  that  the  increase  of 
rigidity  is  much  less  than  that  of  springs  made  entirely  of  india- 
rubber.  Each  spring  consists  of  a  central  core  of  india-rubber, 
3  inches  in  diameter,  within  a  helical  steel  spring,  3  inches  in 
diameter  outside,  of  V'a-inch  round  steel,  made  in  8}  complete 
coils^  to  a  length  of  8  inches: — 
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ComprmiM  or 
deflection. 

Load. 

Total  deflection  per  too  ' 
of  load. 

Ton*. 

InclMa> 

1*00 

•892 

1*16 

1*339 

? 

1-47 

•83 

173 

2*232 

77 

1-89 

2-6;8 

•71 

a*04 

3124 

•65 

It  may  be  remarked  that  though  the  stiffness  of  the  Sterne 
spring  increases  less  rapidly  than  that  of  the  Spencer  spring,  the 
Sterne  spring  is  on  the  whole  much  stiffer  than  the  Spencer 
spring. 

The  romposite  spring,  Fig.  257,  is  a  combination  of  a  helical 
steel  spring  and  two  indiarubber  cushions  within  the  helix.  The 

helix  is  made  of  W-inch  round  steel,  3  inches 
in  diameter  outside.  The  cushions  are  slightly 
aj)art  until  a  given  load  is  reached,  when  they 
come  into  action  as  auxiliary  s])rings. 

Cast-iron  wheels,  chilled  at  the  peripher)', 
are  extensively  used  for  tramway  cars.  A 
t[ualilv  of  charcoal  iron  is  secured  which 
adi  '  of  crystallisation  and  chill  going  to  a 
re  jsfQable  distance  into  the  grain  of  the 
ironj^g  n  the  earlier  experience  of  tramways  in 
^-^'m,  a lasted  fourteen  months, 
perf  ••  ing,  say,  from  22,000  to  25,000  miles 
run  I'hey  weighed,  when  new,  about  214 
pounds,  and  they  lost  in  weight  from  14  to 
16  pounds  by  wear — chiefly  by  the  action  of 
the  brake.  They  failed  by  the  breaking-off 
of  the  flanges. 


1, 


'  i  ' 
 1  I  t 


FlO.  257.  Composite 
Spring  Willi  India* 
labber  Cushions. 
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Car  Wheels. 

The  three  varieties  of  wheels  of  chilled  cast-iron— Figs.  258 
to  261,  and  Figs.  163  to  264— manufactured  by  Messrs.  Miller  & 
Co.,  Edinburgh,  are  cylindrical  at  the  tread,  30  inches  in  dia- 
meter, and  have  seven  spokes. 

No.  I,  light,  for  one-horse  cars:  2fV  ins.  wide  at  the  periphery 

„  2,  medium,  for  two-horse  cars:  2f\  »•  »» 

„  3,  heavy,  for  two-horse  cars :  2^         „  tt 

The  flange  stands  iV  inch  high  on  the  periphery,  and  is  struck 
at  the  summit  with  a  radius  of  A  inch.  The  nave  is  a  inches  in 


No.  I.  No.  2.  No.  3. 


FlQS.  262  to  264.  MiUcr  Sl  Co.'s  Car  Wheels.   SecUoos  of  rims. 


bore,  4i  inches  deep,  for  No.  i  ;  2^  inches  by  inches  for  No.  2 ; 
the  same  for  No.  3.  The  spokes  form  up  the  web  of  the  wheel, 
which  is  inch,  iJ  inch,  a  nd  \  I  inch  thick.  They  are  2  J  inches, 
2\  inches,  and  2  \  inches  m  minimum  width,  and  are  fortified  hjr 

stiffening  ribs  on  the  back,  one  to  each  spoke. 

The  average  depth  of  chill  on  the  periphery  of  the  wheels  of 
Messrs.  Miller  &  Co.  is  3-inch,  which  is  sufficiently  great  to  admit 
of  a  reduction  in  diameter  by  wear  of  from  i  inch  to  inches 
before  the  wheel  is  worn  out :  corresponding,  it  is  stated,  to  a 
mileage-run  of  from  30,000  miles  to  70,000  miles,  (k  pendenton 
tile  working  conditions ;  as  the  state  of  the  rails,  gritty  roads, 
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level  or  hilly  roads,  with  use  of  the  breaks,  A  mileage-run  of  at 
least  50.000  miles  is  frecjuently  attained  by  Miller  &  Co.'s  wheels. 

I  hc  height  of  the  wheel-flange  where  narrow-grooved  rails  are 
employed  is  commoDly  \  inch.  On  some  foreign  tramways  g-inch 
flanges  are  used. 

The  steam  tramway  car  and  engine  disc  wheel,  Figs.  265,  266, 
is  a  solid  disc-plate  wheel,  usually  ai  inches  or  34  inches  in 
diameter,  with  i-inch  flange. 


Fjo.  265.  Steam  Tramway  Car  and  Engine        Fio.  366.  Rim  of  Disc 
Disc  Wheel.  Wheel. 


Combined  views  of  the  wheel»  axle»  axle-box,  bearing  springs,  and 
guides,  as  constructed  by  Messrs.  Miller  &  Co.,  are  given  ia 
Figs.  367,  a68.  The  class  of  axle-box  has  already  been  described 
in  page  363.  In  the  present  instance  the  jonrnal  is  3^  inches  in 
diameter,  with  a  bearing  5^  inches  long,  or  twice  the  diameter. 
A  pair  of  steel  thrust-plates,  having  a  limited  horizontal  elastic 
action,  is  inserted  in  the  axle-box,  between  the  end  of  the  axle  and 
the  front  of  the  axle-box.  The  vertical  bearing  stress  is  taken  up 
by  a  pair  of  helical  springs  of  A-inch  round  steel,  %\  inches  in 


Digitized  by  Gopgle 


390 


TRAMWAY  CARS, 


CAR  WHEELS  AND  AXLES, 


diameter  externally,  and  7  inches  high.  An  axle-box  and  guard, 
similar  to  those  here  shown  in  Figs.  367, 268,  are  shown  in  perspec 
tive  in  Figs.  369  and  370,  of  toughened  iron.  The  axle  is  2  ^  in.  in 
diameter  in  the  wheels,  and  af  in.  m  diameter  between  the  backs. 
The  Handyside  wheel,  Fig.  371,  which  has  been  employed 


on  railway  rolling  stock,  is  suital)]e  for  tramway  stock.  It 
is  made  in  three  parts — the  tyre,  the  nave,  or  boss,  and  a  pair 
of  discs  uniting  the  nave  and  the  tyre.  The  lyre  is  of  steel,  or 
of  chilled  cast  iron ;  the  nave  is  of  wrought  iron,  or  of  steel,  with 
four  radial  aims.  The  discs  are  of  cast  steel,  and  are  dished  and 
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turned  inwards  al  the  inner  and 
outer  circumferences.  When 
put  together,  the  edges  of  the 
discs  embrace  the  tyre  and  the 
nave  by  corresponding  flanges 
or  lips,  whilst  at  the  middle, 
or  half-radius  of  the  discs, 
they  close  upon,  but  do  not 
touch,  the  ends  of  the  four 
arms.  The  discs  are  bolted 
together  between  two  ring- 
washers  at  the  bottom  of  the 
hollow,  equally  all  round  the 
nave ;  and  as  they  do  not 
touch  each  other,  they  are 
placed  in  a  condition  of  elastic 
tension,  at  the  same  time  that 
they  firmly  hold  the  tyre  and 
the  nave  in  position.  The 
wheel  has  been  well  tested  on 
the  Caledonian  Railway. 

ROAD-AND-RAIL  Wa(.ONS 
WITH  FlAKCELESS  W HEELS. 

Wagons  used  on  the  line 
can  be  adapted  for  use  on 
the  ordinary  public  road,  so 
obviatiDg  transhipment,  load- 
ing goods  at  the  wharves, 
drawing  them  to  the  line  by 
horses,  and  delivering  them 
at  any  part  of  the  mill  pre- 
mises. This  system  was 
originally  suggested,  in  1880. 
by  Mr.  Alfred  Holt,  and  was 
worked  out  by  Mr.  Henry 
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Baraoft  for  the  Bessbiook  and  Neiriy  TVamway.  The  wheds 
of  the  wagons,  Figs.  373  and  373,  are  without  flanges,  with  Qfits 
3f  inches  wide^  for  nmning  on  common  roads.  The  tram  railssie 
of  steel,  lbs.  per  yard,  and  outside  these  second  rails,  23)  lbs. 
per  yaid,  are  hud  at  a  level  |  inch  below  that  of  the  way,  on  whidi 


Fig.  376.  Rood'and-Kail  Wheel  Tiamway  Wagon : 

End  elevation. 


the  plain  wheels  run,  the  ordinary  rails  forming  the  inside  guard. 
The  wheels  are  loose  on  the  axles,  and  these  work  loose  on 
jouraals.  The  wagon  is  supported  on  a  fore  carriage  with  a 
central  coupling,  which  engages  in  a  jaw  in  the  fore  carriage,  to 
guide  it  when  not  pinned.  Shafts  arc  attached  to  the  fore  carriage 
when  the  wagon  is  to  be  used  ou  ordinaiy  roads.   The  wagoo 
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weighs,  witfkout  the  shafts,  23}  cwt.,  and  is  constructed  to  cany 
2  tons. 

Flangeless  wheels  have  been  employed  in  another  way,  Figs. 
274  to  276,  on  some  of  the  road  tramways  in  Staffordshire,  on 
Mr.  Dickinson's  system,  in  which  both  road-wheels  and  rail-wheels 
are  employed.  When  the  road-wheels  are  lifted,  the  rail-wheels 
are  lowered  on  to  the  rails  ;  and  conversely,  when  the  rail-wheels 
are  lifted,  the  road-wheels  arc  lowered  on  to  the  road. 


CHAPTER  IX. 


RESISTANCE  TO  TRACTION  ON  TRAMWAI'S, 

The  first  and  leading  datum  which  rules  the  employment  of 

mechanical  j)C)\vcr,  is  the  resistance  to  traction  on  the  tramway. 
On  a  railway,  the  resistance,  under  the  mo^>L  ku  ourable  cori<liLtOns» 
may  be  as  low  as  6  lbs.  per  ton."^'  But,  so  low  a  resistance  as 
6  lbs.  per  ton  is  not  to  be  hoped  for  on  tramways,  which,  besides 
the  difficulty  ol  the  groove  in  the  rail,  are  exposed  to  the  incidents 
of  mud,  stone,  and  dirt,  and  are  made  with  many  and  quick  curves. 
( )n  a  straight  line  of  grooved  rails,  in  fair  order,  the  frictional 
resl^lance  of  a  tramcar  was  fouml  by  Mr.  Henry  P.  Holt  to  vary 
from  a  minimum  of  15  lbs.  per  ton  of  the  gross  weight  of  the  car, 
upwards,  according  to  the  weather  and  the  state  of  the  way,  to 
more  than  40  lbs.  jjiir  ton  : — indicative,  certainly,  of  a  bad  order 
of  conditions  in  this  particular  case. 

His  experiments  were  conducted  on  the  Headinglcy  line  of  tram- 
way, at  Leeds.  It  was  laid,  to  a  gaucje  of  4  feet  8 J  inches,  with 
a  llat-grooved  rail,  on  longitudinal  and  transverse  sleepers,  in 
concrete.  A  trial  for  the  purj)ose  of  testing  the  resistance  of  a 
passenger- car,  No.  21,  by  means  of  a  dynamonu  ter,  was  made  on 
the  5th  May,  1876.  The  barometer  stood  at  297  inches,  and  the 
thermometer  at  53''  Fahr.  'i'he  day  was  dry,  the  way  was  in 
average  condition,  and  the  wind  was  north-west,  slight.  The 
direction  of  the  way  was  for  the  most  part  due  south,  having  two 
curves  in  it  The  length  of  the  Hne  traversed  was  1,645  yaJ'tis, 
having  a  net  rise  of  115  feet,  making  an  average  ascending, 

*  Railway  Machintry^  by  D.  K.  Clark,  1855 ;  page  297. 
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gradient  of  i  in  43.  The  car  was  an  ordinary  four-wheel  car, 
weighing  47 i  cwts. ;  and  it  was  loaded  with  45  passengers.  The 
wheels  were  30  inches  in  diameter,  5^  feet  apart  between  r-ntres. 
The  journals  were  2 J  inches  in  diameter.  A  section  of  the  tyre 
of  one  of  the  car-wheels,  and  of  the  rail,  as  worn,  is  shown  in 
Fig.  277.  The  load  of  passengers,  allowing  14  to  the  too,  weighed 
3*2  tons ;  making  with  the  weight  of  the  car,  2*37  tons,  a  gross 
load  of  5*57  tons.  The  car  was  drawn  by  three  horses  over  the 
greater  part  of  the  way;  and,  for  a  short  distance,  on  an  incline  of 
I  in  19,  by  four  horses ;  at  an  average  speed  of  6  miles  per  hour. 
Two  intermediate  stoppages  were  made  on  the  way.  The  average 
tractive  force  exerted  over  the  whole  length,  deduced  from  Mr. 
Holt's  continuous  diagram  of  force,  was  22*44  of  the 

gross  load. 


Fjo*  277.  SectUm  of  Xyie  of  Trial  Car,  and  of  Rail,  Leeds. 

Mr.  Henry  Hughes  deduced  from  some  experiments  a  tractive 
resistance  of  about  26  lbs.  per  ton ;  often  much  more,  occasionally 
less.  Such  high  resistances  as  Aese  are  readily  explained,  when 
it  is  considered  that  the  fianges  of  the  wheels  frequently  take  a  bear- 
ing on  the  floors  of  the  grooves,  or  on  the  dirt  embedded  therein,  at 
the  same  time  that  the  wheels  roll  on  the  surface  of  the  rail ;  for 
thus  the  wheel  rolls  on  two  different  radii  simultaneously,  and 
grinding  resistance  is  excited.  Again,  whilst  the  wheel  at  one  end 
of  an  axle  may  be  running  on  the  proper  bearing  surface  only,  the 
wheel  at  the  other  end  may  be  running  on  the  flange,  causing  the 
car  to  swerve  and  grind  laterally  against  the  rails.  Again,  the 
rails  may  be  out  of  gauge,  or  out  of  level,  or  weak  and  springy. 
Lastly,  the  grooves  may  be  so  clogged  with  detritus  that  all  the 
wheels  may  be  running  on  their  flanges  only ;  and,  besides  the 
illegitimate  resistance  due  to  traction  on  a  mud  surface,  there  is 
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the  extra  resistance  due  to  the  wedging  of  the  flanges  in  the  dirL 
Car-drivers  know  the  value  of  a  clear  groove  : — one  may  tell  you 
that  the  car  requires  a  horse  more  jiowcr  to  draw  it  over  clogged 
rails;  another  will  tell  you  that  it  is  e<iuiva!ent  to  sonic  hundred- 
wcifihts  more  load,  or  a  ton  or  two  more,  according  to  the  clear- 
ness of  hi^  perrejition'?.  The  horse  would  be  the  best  w  itness,  if 
he  couKl  s])'.Mk  his  mind,  but,  failing  his  verbal  evidence,  the 
dynamometer  must  be  consulted. 

It  was  directly  proveti  by  experiments  made  by  M,  Tresca,  on 
the  tractional  resistance  of  a  tramway  car,  that  the  groove  in  the  rail 
was  the  direct  cause  of  a  large  i)ortion  of  the  resistance  to  traction. 
The  rnr,  ba-k  ini^  four  flanged  wheels,  with  its  lovnl,  was  drawn  over 
a  portion  of  the  Paris  and  Versailles  Tramway,  laid  in  macadam, 
when  the  tractional  resistance  amounted  to  i-iooth  part  of  the 
gross  weight,  or  22*40  lbs.  ])er  ton.  This  (juantity  is  jirecisely  the 
same  as  that  whi(  h  Mr.  Holt  deduced  from  his  trials.  Subse- 
quently, two  of  the  flanged  wheels,  both  on  one  side  of  the  car, 
were  removed  and  replaced  by  tlat-tyred  wlieels,  by  M.  Delon- 
chant,  the  engineer  of  the  tramway;  and  in  July,  1860^  M,  Tresca 
repeated  the  experiment  with  the  half-flanged  car: — 


The  length  of  line  traversed  was  a  third  of  a  mile,  on  a  level; 
and  the  tractive  force,  at  a  uniform  speed  of  7^  miles  per  hour» 
amounted  to  about  86  lbs.,  equivalent  to  i •147th  part  of  the  gross 
weight,  or  to  15!  lbs.  per  ton.  Thus,  the  removal  of  two  flanges 
was  accompanied  by  a  reduction  of  the  tractive  resistance  by  one- 
third.  M.  Delonchant,  encouraged  by  the  results  of  his  experi- 
ence, removed  another  flanged  wheel,  running  the  cars  with  only 
one  flanged  wheel,  and  three  flat-tyred  wheels.  The  result, 
according  to  M.  Cioschler,  was  that  the  resistance  was  reduced  One 
half  as  compare^!  with  the  original  car  with  four  flanged  wheels.  In 


Weight  of  47  passengers,  0  143  lbs. 
Weiglit  of  wheels  .... 
Weight  of  the  car  . 


Tom. 

3*oo 

041 

a*26 


Gross  weight 
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this  proporlion,  the  tractional  re^ihlance  must  Iiave  been  reduced 
to  about  i-2ooth  part  of  the  gross  weight,  or  to  abuut  11  lbs, 
per  ton. 

The  Vignoles  rail,  employed  in  the  tramways  of  Moscow,  incurs 
one-half  less  resistance  to  traction  than  the  ordinary  grooveci  rail, 
according  to  the  report  of  the  engineer,  Colonel  de  Sytenko.  The 
comparatively  small  tractional  resistance  of  the  Vignoles  rail  is 
clearly  due  to  the  absence  of  a  narrow  groove,  but  it  has  the 
objection  of  breaking  the  continuity  of  the  pavement 

The  resistance  to  traction  at  low  speeds,  increases,  of  course, 
with  the  s])eed.  though  slowly.  On  ordinary  railways,  under 
ordinar)'  conditlon^  of  curvature  and  of  maintenance,  the  resis- 
tance of  engines  and  trains  taken  together,  as  deduced  experi- 
mentally by  the  author,  may  be  taken  as  follows : — 

12  lbs.  per  ton»  at  a  speed  of  i  mite  per  hour. 

13  lbs.  „  10  M 

14  lbs,       „        „  15 

Here  it  appears  that  the  resistance  increases  only  by  2^  lbs.  per 
ton,  when  the  speed  is  raise<l  from  10  miles  per  hour  to  20  miles 
per  hour.  It  may  be  assumed  that,  on  tramways,  the  speed  will 
not  exceed  15  miles,  even  when  mechanical  motive  power  is  em- 
ployed, and  within  such  a  limit  the  variations  r^f  tractive  force 
with  the  spce<l  arc  not  worth  serious  consideration. 

Considering  that  the  experiment  by  M.  Tresca,  tron\  which  a 
resistance  of  22*4  lbs.  per  ton  was  deduced,  was  made  on  a  line  of 
tramway  laid  in  macadam,  it  may  be  mferre<i  that  the  resistance 
on  a  straight  line  of  tramway,  made  with  grooved  rails,  well 
maintained  in  granite  pavement,  would  not,  under  similar  condi- 
tions, have  exceeded  20  lbs.  per  ton. 

Mr.  Edward  Woods,  also,  estimated  the  resistance  of  a  tram- 
car  on  a  level,  and,  it  is  presumed,  a  straight  line,  at  20  lbs.  per 
ton. 

In  view  of  the  foregoing  observations,  it  may  be  concluded  that, 

•  Railway  Machinery i  1855;  page  310, 
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for  puri)osc.s  of  csliuiaUon,  the  resistance  of  engines  and  car>  on 
grooved -rail  tramways,  level,  straightj  and  well  maintained,  is 
20  iL»s.  per  ton  ;  and  that  on  a  line  in  average  condition,  with 
curves,  it  may  occasionally  amount  to  40  lbs.  per  ton.  An  average 
of  30  lbs.  per  ton  may  be  taken  as  a  datum  for  the  calculation  of 
the  ordinary  tractive  force  to  be  provided  for.  These  data  com- 
cide  with  the  conclusions  of  Messrs.  Merryweathtr  «S:  Sods  from 
their  e\])erien(  e  with  tramway  locomotives  and  cars. 

The  for(  e  required  to  start  a  tram-rar,  to  get  up  the  speed,  is 
necessarily  greater  than  the  force  required  to  maintain  the  speed 
uniformly.  It  is  a  variable  (luantity,  for  it  may  be  anything  that 
horses  may  choose  to  exert,  or  that  engine-drivers  may  apply.  Mr. 
John  Phillips  found  by  experiment  that  in  starting  a  car  by  two 
horses,  an  initial  tractive  force  of  from  500  lbs,  to  600  lbs.  was 
exerted  on  the  car : — equivalent,  for  a  gross  weight  of  5  tons,  to 
from  100  lbs.  to  120  lbs.  per  ton. 

Mr.  Holt  found  that  the  momentary  initial  force  exerted  by  the 
horses  in  starting  the  load  from  a  state  of  rest,  was  in  three 
instances  as  follows : — in  starting  down  an  incline  of  i  in  79,  it 
was  450  lbs. ;  in  starting  up  an  incline  of  i  in  62.  it  was 
1,100  lbs. ;  and  up  an  incline  of  i  in  50,  it  was  975  lbs.  Allowing 
for  the  force  of  gravity,  the  net  initial  efiforts  to  start  the  car  were 
606  lbs.,  900  lbs.,  725  lbs.  respectively ;  being  at  the  rate  of 
110  lbs.,  160  lbs.,  131  lbs.,  respectively,  per  ton.  These  results 
accord  with  those  which  were  found  by  Mr.  John  Phillips. 

In  order  to  obviate  the  straining,  spavining,  and  weakness  of 
back,  to  which  horses  are  subject,  caused  by  the  eflfort  of  starting 
heavy  cars,  Mr.  Henry  P.  Holt  designed  a  tramcar  starting  gear, 
patented  in  May,  1879,  illustrated  by  Figs.  278  and  279,  A  lever, 
to  the  upper  end  of  which  the  horse  is  harnessed,  is  arranged  verti- 
cally at  each  end  of  the  car,  pivoted  at  the  lower  end  to  a  bracket 
fixed  to  the  frame,  and  carrying  a  quadrant  fixed  to  it  about  half- 
way up,  corresponding  to,  and  connected  by  a  chain  with,  another 
quadrant  formed  as  a  cam,  slung  on  the  hind  axle  of  the  car  (see 
Fig.  280).  Enclosed  within  the  quadrant,  which  is  hollow,  a 
ratchet-wheel  is  keyed  fast  on  the  axle,  into  which  a  pawl  pivoted 
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in  the  quadrant  ens:ages,  when  the  piil!  of  the  horse  is  applied 
through  the  chain  to  the  quadrant.  The  pull  of  the  fiorse  at  start- 
ing is  thus  transmitted  to  the  axle,  and  causes  it  to  revolve.  As 
the  cam  is  upright  at  the  instant  of  starting,  it  exercises  a  degree 
of  leverage  on  the  axle,  by  whic  h  the  pull  of  the  horse  and  the 
tractive  force  are  multiplied.  The  pawl  is  released  clear  of  the 
ratchet-wheel,  after  the  car  has  been  started,  by  means  of  a  rod 
running  through  friction-discs  contained  in  a  fixed  box.  By  these 
means,  it  is  arranged  that,  at  first  starting,  the  horse  travels  at 
twice  the  fonvard  speed  of  the  car.  The  lever  is  controlled  by 
Springs,  by  which  it  is  retained  in  a  vertical  position,  or  at  right 

angles  to  the  platform  when  there  is 
no  tractive  pulL  When  the  pull  is 
applied  to  the  lever,  the  springs 
through  which  the  pull  is  communi* 
cated  to  the  car,  yield  in  proportion 
to  the  pull,  and  in  so  doing  fall  for- 
ward, and  to  a  lower  level,  thereby 
augmenting  the  angle  of  th  traces, 
and  the  downward  stress  on  the  horse, 
and  so  improving  the  foothold. 

Fro.  a8o.  Holf.  St.fti.«  ^7^^^^.  ^''^'^^^  ^\ 
G«w— CanQitadiant.  Scale  f.  975  ibs.,  m  startmg  on  an  mcline  of 

I  in  50,  a  substituted  steady  pull — 550 

lbs.— is  brought  to  bear  by  the  instrumentality  of  the  starting  gear. 

Mr.  Holt  deduced  as  means  of  several  experimental  results,  that 

d>e  force  exerted  in  starting  a  tramcar,  weighing  in  all  5  tons,  on 

a  level,  without  starting  gear,  is  470  lbs.,  or  94  lbs.  per  ton ;  and 

with  it,  a  13  lbs.,  or  43  Ibs.  per  ton.   Ascending  an  incline  of  i  in 

12,  the  forces  are  respectively  1,400  lbs.  and  636  lbs. 

The  weight  of  two  sets  of  starting  gear  for  ope  car  is  135  lbs. ; 
the  price  is  ^18.  Mr.  Holt  estimated  that  the  working  life  of  the 
tramway  horse  would  be  extended  half  a  year  by  the  employment 
of  the  starting  gear.  Thus  the  life  which  is  usually  4^  years,  would 
be  extended  to  5  years,  equal  to  that  of  an  omnibus  horse, 

Mr.  £.  Feirett  experimented  with  a  passenger-car,  for  24  pas- 
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sengers,  weighing  34  cwt,  on  four  wheels  5^  feet  apart  between 
centres,  on  the  Nottingham  tramways.  The  force,  by  dynamo- 
meter, required  to  start  the  car,  and  the  force  tequired  to  keep  it 
moving,  under  different  circumstances,  were  as  follows : — 


Gvoowet. 


Clear 
Veiy  dirty 

Moderately  dirty 


Liae. 


Do. 
Do. 
Do. 
Do. 
Da 


do. 
do. 
do. 
do. 
do. 


Straight  and  level 

Do.  do. 

Do.   up  gradient 
I  in  MO 

Do.  down  do.  do. 
Curve,  45  feet  radius 
up  gradient  i  in  130 
Down  do.  do. 
Curve,  22  feet  radius 
up  gradient  i  in  130 
Down    do.  do. 


TosUurt. 

io  k'.'tfpj 
moviof. 

Per  ton. 

SO  lbs. 

Per  ton. 

25  lbs. 

66 

34 

86  „ 

J2  ,, 

62  „ 

50  ,. 

ija  „ 

94  » 

95  M 

65  ,» 

From  this  statement  it  apjK-ars  that  on  a  straight  line  the  start- 
ing force  varied  from  50  lbs.  to  80  lbs.  per  ton,  according  to  llie 
state  of  the  rails — bciiii;  less  than  those  already  mentioned.  But 
it  is  probable  that  in  this,  as  a  private  experiment,  the  starting  was 
more  gently  effected  than  in  the  other  instances.  On  the  straight 
line,  with  clear  grooves,  the  running  resistance  was  25  lbs.  per  ton  ; 
and  this  was  doubled,  or  increased  to  50  lbs.  per  ton,  when  the 
grooves  were  very  dirty ;  or  even  when  they  were  but  moderately 
dirty,  if  the  mean  of  the  upward  and  doAMiward  pulls  on  the  incline 
I  in  130  be  taken.  Under  the  same  condition,  of  moderately 
dirty  grooves,  the  effect  of  a  curve  of  45  feet  radius,  averaged  from 
the  upward  and  downward  pulls,  was  to  raise  the  resistance  from 
50  lbs.  per  ton  to  61  lbs.  per  ton ;  and  that  of  a  curve  of  22  feet 
radius,  raised  it  to  80  lbs.  per  ton.  If  25  lbs.  l>e  deducted  from 
each  of  the  last  three  values,  for  the  effect  of  dirt  in  the  grooves, 
there  remain  25  lbs.,  36  lb&,  and  55  lbs.  per  ton  as  the  relative 
resistances  with  clear  grooves,  on  a  straight  line,  a  curve  of  45  feet 
radius,  and  a  curve  of  22  feet  radius ;  showing  that  the  resistance 
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on  a  23-feet  cun  e  is  more  than  twice  the  resistance  on  a  straight 
line.    (For  resistance  of  steam-car,  see  page  481.) 

Mr.  A.  W.  Wright"  tested  the  tracttonal  resistance  of  a  car  on 
the  North  Chicago  City  Railw  ay— a  tramway  laid  with  step-iails, 
which  are  giooveless,  like  the  Philadelphia  rail  (page  9). 
The  car,  with  passengers,  weighed  %  tons,  and  required  an 
average  force  of  109)  lbs.  to  draw  it  at  a  spe^  of  five  miles  per 
hour,  including  stoppages,  or  36  J  lbs.  per  ton,  over  old  worn-out 
iron  rails.  On  new  steel  rails,  the  traction  force  averaged  17  lbs. 
per  ton.  To  start  the  car,  a  force  of  148  lbs.  per  ton  was  exerted 
on  the  old  rail,  and  1 28  lbs.  per  ton  on  the  new  rail. 

In  view  of  the  forgoing  results,  though  based  on  scanty  data, 
and  the  results  of  Mr.  Holt's  trials,  with  other  data  already  given, 
the  average  resistance — 30  lbs.  per  ton — already  adopted  for 
calculation,  may  be  retained ;  although  an  occasional  maadmum 
of  60  lb&  per  ton  may  be  reached,  and,  on  the  contrary,  a 
minimum  o{^  say,  15  lbs.  per  ton,  when  the  rails  are  wet  and 
dean,  straight  and  new. 

The  great  degree  of  extra  resistance  due  to  the  clogging  of  the 
grooves  in  the  rails,  compared  with  die  resistance  for  clear  grooves, 
has  been  referred  to.  These  observations  are  corroborated 
by  the  experience  of  steam-power  as  well  as  of  horse-power. 
Mr.  J.  Arthur  Wright  states  that,  on  a  dusty  day,  on  the  steam- 
lines  of  the  Rouen  Tramways,  when,  despite  every  effort  to  keep 
the  rails  dear,  the  grooves  become  filled  with  dust  and  dirt,  the 
engines  consume  about  a|  lbs.  of  coke  per  mile  more  than  they 
do  under  more  favourable  circumstances — ^when  the  consumption 
averages  about  12  lbs.  per  mile.  The  excess  is  nearly  20  per 
cent 

On  this  question  of  special  tracttonal  resistance,  Mr.  H.  Conradi 
made  some  observations  on  the  reduction  of  resistance  due  to  the 
employment  of  his  rail  deaner.t   The  gross  resistance  of  each 

•  See  his  Paper  on  "  The  Best  Pavement  for  Horse  Railroad 
Tracks,"  in  the  Ai)2cric(in  EfiQineery  June,  1881,  page  103. 

t  See  Mr.  Conradi's  paper  On  the  Cleaning  0/  Tramvcay  and 
oiker  Rails,  read  before  the  Society  of  Engineers,  April  10,  1893. 
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car  at  starting  OD  muddy  and  dirty  lines,  straight  and  level,  was 
from  80  lbs.  to  90  lbs.  After  the  starting  the  resistance  settled 
down  to  from  60  lbs.  to  70  lbs.  On  curves  and  passing  places,  of 
from  25  feet  to  30  feet  radius,  the  resistance  was  from  75  lbs.  to 
S5  lbs.  On  very  steep  gradients  and  curves  of  this  radius  the 
resistance  varied  from  90  lbs.  to  100  lbs.  These  trials  were  made 
with  a  car  weighing  about  tons,  carrying  a  var>nng  load  of  12, 
19,  and  22  passengers  during  the  trial  run,  making  an  average 
total  weight  of  above  3  tons. 

To  determine  the  tractional  resistance  of  cars  on  rails  cleaned 
by  his  apparatus,  Mr.  Conradt  fitted  it  to  two  cars  in  ordinary 
condition  and  in  ordinary  service.  The  first  car  was  started  with 
the  cleaner  lowered  and  in  action  on  the  rails.  Ten  minutes 
later,  the  second  car  followed  with  a  varying  load  of  passengers  up 
to  28  in  number,  also  having  the  cleaner  in  action.  This  car 
started  with  an  initial  resistance  of  from  50  lbs.  to  60  lbs.  on  the 
straight  and  level,  and  a  running  resistance  of  from  35  lbs.  to 
45  lbs. ;  on  curves  and  at  passing  places,  on  the  level,  from  50  lbs. 
to  60  lbs. ;  on  curves  on  steep  gradients  from  70  lbs.  to  80  lbs. 
It  thus  appeared  that,  on  rails  previously  cleaned  by  the  first 

car,  the  tractional  resistance  of  the  second  car,  including  that  of 

the  cleaner,  was  less  by  from  25  lbs.  to  35  lbs. 

Assuming  the  average  gross  weight  of  the  second  car  with  pas* 

sengers  to  have  been  3  tons,  the  tractive  resistances  were  as 

follows : — 

Muddy  and  dirty,  straight  and  level  line,  on 
St  a  rt  1  n  g  27  to  30  Ibs.  per  ton 

Muddy  and  dirty,  straight  and  level  line,  run- 
ning  20  „  2J  „  „ 

Same  line,  straight  and  level ;  car  Utted  with 
Mr.  Conradi's  cleaner  in  action   .  .t2„i5,. 

The  mean  running  resistance  with  the  rail-cleaner  in  acdon  is 
thus  shown  to  be  only  63  per  cent,  or  less  than  two*thirds  of  the 
resistance  under  ordinary  conditions. 

Experiments  were  made,  in  1890,  on  the  Mddling  (Vienna) 
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Electric  Railway,  to  ascertain  the  resistance  in  sharp  curv  es,  by 
means  ui'a  dynamometer  placed  hciwccn  the  two  cars  composing 
the  train.  The  way  consisted  partly  of  grooved  or  tramway  rails, 
and  partly  of  Vi^noles  rails  as  used  for  ordinar\-  railwayi..  On  a 
gradient  of  150  per  cenu  or  i  in  66  6,  with  curves  of  100  feet 
radius,  and  at  a  speed  of  9*5  miles  per  hour,  the  resistance  (irre- 
spective of  that  due  to  the  gratlient)  was  from  i7'6  lbs.  to  22  lbs. 
per  ton,  averaging  19  8  lbs.  of  train  weight  on  the  Viiinoles 
section,  and  .■:6-4  lbs.  on  the  grooved  section,  and  showing  that  the 
mean  resistance  on  the  \'ignoles  section  was  6*6  lbs.  per  ton,  or 
25  per  cent,  less  than  on  the  grooved  section. 
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PART  V. 

MECHANICAL  POWER  ON  TRAMWAYS. 


CHAPTER  I. 

HISTORICAL  NOTICE  OF  THE  APPLICATION  OF 
STEAM  POWER  ON  TRAMWAYS. 

Latta.— Grice  and  Long. — Train. 

The  first  appHcation  of  steam  for  propelling  tramway-caxs,  accord- 
ing to  Mr.  Cramp, appears  to  have  been  made  on  the  Cincinnati 
Tramway,  in  1859,  ^i*'  -A*  ^*  Latta,  who  constructed  a  steam- 
car  in  which,  it  is  said,  eighty  persons  had  been  conveyed.  The 
second  application  was  made  by  Messrs.  Grice  and  Long,  of 
Philadelphia,  who  constructed  a  long  car  on  two  four-wheel  trucks 
or  bogies — one  under  each  end  of  die  car.  To  one  of  the  trucks 
steam-power  was  applied  by  means  of  toothed  gear.  In  1 860,  five 
or  six  steam-cars  were  in  use  in  the  United  States,  in  which  the 
engine  and  boiler  were  placed  within  the  car,  the  whole  being 
carried  on  two  bogie  trucks.  Mr.  G.  F.  Train,  in  i860,  j>atented 
a  steam-car,  on  a  Bissell-tru<k  atone  end,  and  a  pair  of  wheels  at 
the  otlier  end,  driven  by  a  double-cylinder  steaui-caginc  with  ^ 
vertical  buUcr,  witii  intervening  spur-gearing. 

•  Tramway  Rolling  Stock,"  by  Mr.  C.  C.  Cramp :  TransacHons 
of  the  Society  of  Engineers^  1874,  page  124. 
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Todd. 

Mr.  Leonard  J.  Todd,  of  Leith,  it  appears,  was  the  first  stcam- 
locomotist  whoy  in  187 1,  designed  an  engine  for  tnunways,  spedalljr 
adapted  for  passing  through  common  roads  and  streets,  avoiding 
noise,  smoke,  and  steam,  and  possessing  great  facilities  for  starting 
and  for  stopping  quickly.  He  insisted  on  the  advantage  of  accu- 
mulating power,  for  which  purpose  he  used  a  boiler  of  great  capa- 
city, holding  a  large  quantity  of  water,  with  a  very  small  fire*giate. 
"In  the  case  of  a  small  generator,'*  he  says,*  **the  only  reliable 
way  of  making  a  furnace-boiler  which  can  take  care  of  itself  for  a 
considerable  time  is  simply  to  give  it  a  greater  water-capacity  and 
water-area.  This  water,  in  the  most  perfect  and  natural  manner 
possible,  acts  the  part  of  a  heat-accumulator,  as,  during  a  long 
time,  it  goes  on  storing  up  heat  within  itself,  and  but  veiy  sbwly 
raising  the  pressure-gauge ;  and,  again,  during  a  lengthened  period 
it  gives  off  heat  irom  its  store,  while  yet  only  slowly  reducing  the 
pressure  and  the  water-level.  Now,  this  invaluable  action  of 
water  within  a  boiler  is  not  carried  to  any  great  extent  in  oxdinaiy 
locomotives,  as  there  is,  in  them,  no  particular  use  for  it, 
although,  on  undulating  lines,  it  is  well  known  to  be  of  great 
importance  that  a  boiler  should  contain  a  large  amount  of  water. 

"Now  locomotive  boilers  contain  5  cubic  feet  of  water,  and 
3  square  feet  of  water-area  for  each  square  foot  of  grate,  and  never 
require  attention  oftener  than,  nor,  indeed,  so  often  as,  every  ten 
minutes.  It  is  evident,  then,  that  if  we  give  six  times  as  much 
water-cai)acity  and  water-area,  while  i.till  keeping  tlie  same  size  of 
g^ate,  as  far  as  safety  goes,  we  need  only  uttetKl  to  the  boiler  once 
in  sixty,  instead  of  ten,  minutes."  .  .  .  "The  power  required  to 
pro|)e!  a  tbrty-four-seat  car,  includujg  the  weight  of  the  jtropelHng 
meelianism,  with  thib  large  quantity  of  water,  will  not,  on  level 
lines,  exceed  ten  indicator  horse-i>o\ver,  although  more  than  this 
will  be  required  to  work  hea\  y  roads.  Then,  small  boilers  and 
engines  will  give  ten  horse-power  for  each  foot  of  t^rate  ;  but  we 
had  better  allow  the  grate  of  the  car  boiler  to  contain  square 

♦  The  Engineer ^  July  24,  1874 ;  page  66. 
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feet ;  and  with  30  cubic  fett  of  vater  and  18  square  feet  of  water- 
area — ^both  six  times  the  ordinaiy  locomotive  allowance — ^we  get 
45  cubic  feet  as  the  water  capacity,  and  21  square  feet  as  the  area  at 
the  irater-Ievel  The  furnace  should  be  of  considerable  depth,  not 
less  than  s  feet  below  the  fire-doorway;  so  that,  before  commenc- 
ing a  run,  it  could  be  filled  with  fuel,  and  then  left  to  sink  down 
as  it  bums  away." 

Mr.  Todd  constructed  a  steam  locomotive  capable  of  drawing 
two  passenger  cars,  with  a  total  of  76  seats,  for  the  Tram  Vii  de 
Santander,  shown  in  Fig.  281.  The  boiler  was  of  the  locomotive 
form,  having  3^  square  feet  of  area  of  grate,  and  160  square  feet 


c 


Fig.  281.  Stcftm-Ioeomotive,  by  Mr.  L.  J.  Todd,  1871.  Scale  1^. 


of  heating  surface,  inchiding  that  of  the  tubes.  The  q  linders 
were  6jt  inches  in  diameter,  with  a  stroke  of  9  inches,  and 
made  150  revolutions  of  the  crank-shaft  when  the  speed  was  10 
miles  per  hour.  The  driving-wheels  were  5^  feet  in  diameter, 
formed  with  a  disc  of  wood.  There  was  a  bogie-tnick  in 
front,  having  21 -inch  wheels  at  3  feet  between  the  axles.  The 
fixed  wheel-base,  between  the  driving-axle  and  the  centre  of 
the  truck,  was  5  feet  3  inches.  The  motion  of  the  crank-shaft  was 
communicated  to  the  driving-wheels  by  a  pair  of  spur-wheels. 
The  draught  of  au  lo  luc  furnace  was  supplied  from  a  12-inch  ian» 
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driven  by  the  exhaust  steam  of  the  engine,  which  struck  the  buckets 
of  a  buc  ket-wheel  on  the  axle  of  the  fan.  The  steam  passed  thence 
into  the  water  tank,  where  condensation  water  might  be  depositee, 
whilst  the  imcondensed  steam  est  a])ed  into  the  chimney.  With  a 
pressure  (^f  steam  in  the  Ijoiler  of  150  lbs.  per  square  inch,  the 
engine  coukl  exert  20  effective  horse-power.  The  weight  in  work- 
ing order  was  5  tons.  The  extreme  length  was  14  feet  10  inches 
and  the  width  over  all  was  6  feet  6  inches.  The  chimney 
14  feet  5  inches  high  above  the  rails,  to  clear  the  awning  above 
the  cars. 

Mr.  L.  J.  Todd,  early  in  1875,  constructed  a  lireless  steam- 


Figs.  282,  283.   Firelc^s  St  cam-cnr,  Mr.  L.  J.  Todd,  1875* 

Scale  about 


car,  Figs.  282,  283,  in  which  the  reser\  oirs  and  the  machinen' 
were  placed  beneath  the  floor  of  tlie  car.  There  were  two  reser- 
voirs, having  the  form  of  boili  rs.  with  domes  ;  each  reserv'oir  con- 
taining 30  cubic  feet  of  heated  w  ater,  or  a  total  of  60  cubic  feet. 
The  reservoirs  were  well  coated  with  non-conducting  material. 
The  cylinders  w  ere  9  inches  in  diameter,  with  8  inches  of  stroke, 
connected  direct  to  one  pair  of  the  wheels.  There  were  two  pairs 
of  24-inch  wheels,  couj)led,  for  adhesion,  at  a  distance  of  4  feet 
6  inches  apart  between  the  axles.  The  cylinders  are  SunroUDdcd 
by  large  ja(  kcts  open  to  the  heated  water  in  which  they  are  im- 
mersed ;  and  are  thus  maintained  at  the  maximum  temperature  in 


Digitized  by  Google 


LAJ/JJ'S  A  MJ/Oy/A  CAL- OA S  CA  K . 


the  reservoir.  By  this  means  a  better  action  of  the  steam  in  the 
cylinder  was  expected  to  be  effected,  and  the  steam  was  super- 
heated to  some  extent  before  it  was  exhausted.  There  was  no 
other  provision  for  rendering  invisible  the  exhaust-steam,  which 
simply  emerged  at  the  end  of  the  car,  under  the  roof.  Tlie  body 
of  the  car  was  14  feet  long,  and  7  feet  wide  over  all,  the  extreme 
length  over  the  buffers  was  22  feet  6  inches.  Two  lines  of  seats 
were  fixed  on  the  roof  ^  the  weight  of  the  car,  in  working  order, 
was  6^  tons. 


Lamm. 

Dr.  Bmile  Lamm  experimented  for  some  time,  in  1871,  with  an 


ammoniacal-gas  car.  Fig.  284,  in  New  Orleans.  He  placed  a 
reservoir  of  hot  water  on  the  roof  of  the  car,  containing  an  in- 
terior reservoir  of  hquid  amnioniacal  gas,  produced  by  heating  sal- 
amnioniac  in  the  presence  of  a  hydrate  of  Imie.  The  gas  was 
disengacred  under  the  influence  of  the  heat  of  the  surrounding 
water,  and  it  passed  to  the  cylinders,  which  were  placed  vertically 
at  the  end  of  the  car,  and  were  connected  to  a  crank-shaft  below, 
from  n  rhain -pulley  on  which  revolving  motion  was  communicated 
by  a  corresponding  ])ulley  to  one  of  the  axles  of  the  car.  The  gas 
was  exhausted  into  the  reservoir  of  water,  where  it  was  condensed 
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and  its  heat  was  imparted  to  the  water.  This  process  of  evolD> 
tion  and  condensation  was  continued  until  the  pressure  of  the  gis 
in  the  interior  reservoir  became  insufficient  for  keeping  the  pistoits 
in  motion.  The  greatest  fall  of  pressure  in  the  gas-genentor 
during  a  mn  of  seven  miles,  did  not  exceed  lo  lbs.  per  sqnaie 
inch.  When  the  water  became  saturated  with  gas,  it  was  replaced, 
and  the  gas  absorbed  could  be  extracted  from  the  water  for  foitfaer 
service^ 

The  greatest  difficulty  in  the  emplo)inent  of  ammoniacal  gas  is 
the  necessity  for  entirely  preventing  its  escape  into  the  atmosphere, 
to  obviate  the  offensive  smell,  and  the  difficulty  of  respiratioo 
caused  by  its  presence  in  the  air.   This  objection,  together  wiA 


Fig.  2S5.   l-'irelc^s  Locomotive,  by  Dr.  I«amm,  1872.  Scale  about 

that  of  the  chemical  action  of  the  g.is  on  iron,  led  to  the  abiindon- 
mcni  uf  the  system  ot*  iiropulsion  by  ammoniacal  gas,  though  Dr. 
I^mm's  car  was  at  work  for  some  time. 

Dr.  l,amm  siil^seqiiently,  in  1872,  started  a  firele.ss  loco- 
motive— a  thcrm(>-s])c<  ific  cnsjine" — on  the  line  of  tramway 
between  New  Orleans  and  Carrolton.  The  locomotive,  Fig.  2S5, 
consisted  of  a  reservoir,  about  3  feet  in  diameter,  and  lo  feet 
long,  on  four  wheels,  filled  with  water  heated  to  a  high  tem- 
perature, under  a  corresponding  liigh  pressure.  When  the 
regulator  was  opened,  the  pressure  was  relieved,  and  steam  was 
formed  spontaneously  from  the  water  to  keep  uj)  the  supply,  accom- 
panied by  a  grailual  fall  of  pressure.  The  cylinilers  were  fixed 
vertically  to  the  fore-end  of  the  reservoir,  and  they  worked  to  a 
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crank-shaft  below,  from  which  the  power  was  transmitted  by  spur- 
gearing  to  the  nearest  axle.  The  reservoir  contained  60  cubic 
feet  of  heated  water.  It  was  first  filled  with  cold  water,  after 
which  a  connection  was  made  with  the  steam-pipe  of  a  large 
stationary  boiler  at  Canrolton,  under  a  pressure  of  200  lbs. 
per  square  inch.  The  cold  water  was  (quickly  heated  up,  and 
raised  to  a  pressure  of  x8o  lbs.  per  square  inch.  The  con- 
nection was  then  uncoupled,  and  the  hot-water  locomotive 
was  ready  for  work.  The  exhaust-Steam  was  discharged 
directly  into  the  air,  making  clouds  of  moist  white  vapour.  It 
was  reported,  in  1875,  that  the  hot- water  locomotives  were  in 
constant  and  successful  operation.  The  tramway  is  about  six 
miles  in  length.  From  the  centre  to  the  outskirts  of  the  city,  the 
cars  are  worked  l)y  mules,  which  are  then  exchanged  for  the 
eii-incs.  With  one  replenishment  of  the  reservoir  at  Carrolton, 
the  locomotive  could  make  the  doul>le  journey  to  New  Orleans  and 
back,  and  have  a  residual  pressure  of  50  lbs.  per  s(]uare  inch. 

By  observation  it  was  found  that  when  the  aimosplieric  tem- 
perature fell  to  40"  F..  the  temperature  of  the  water,  though  it 
was  160"  higher,  only  fell  about  3"  F.  per  hour. 


East  New  York  and  Canartio. 

In  October,  1873  .  a  trial  of  a  fireless  locomotive  was  made  be- 
tween East  New  York  and  Canartio,  a  distance  of  miles.  The 
reservoir  was  3  feet  10  inches  in  diameter,  and  to  feet  long,  on 
two  pairs  of  30-inch  wheels,  couj^led.  There  were  two  steam- 
cylinders,  8  inches  in  diameter,  with  a  stroke  of  12  inches.  The 
exhaust-steam  was  discharged  into  two  condensers,  one  for  each 
cyhnder,  fitted  with  38  ( ondensinp^  tubes  inch  in  (Hameler,  and 
air-pumps  for  creatin^i;  a])artial  vacuum.  The  weight  of  the  eni;ine 
was  4  tons  3  cwt.  ;  that  of  the  car  \\  hich  was  drawn  l)y  it  was  yj^ 
tons,  empty,  and  was  estimated  at  12 A  tons,  loaded  with  120  pas- 
sengers. The  lo(  oniotive,  with  the  car,  performed  the  nin  of  3^ 
miles  to  Canartio,  on  falling  gradients,  in  12^  minutes,  at  the  rate 
of  i6i  miles  per  hour,  whilst  the  pressure  in  the  reservoir  fell  from 
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iSo  Il>s.,  cii  the  beginning  of  the  tri[),  to  loS  lbs.  per  square  inch 
at  tb.c  end  of  the  trip.  The  train  stopi  ed  for  nine  minutes  at 
Canartio,  and  during  this  time  tiie  prosure  fell  to  104  lbs.  The 
return  trip,  un  rising  gradients,  was  made  in  17  minutes,  being  at 
the  rate  of  12  J  miles  per  hour,  when  the  pressure  fell  to  45  lbs. 
per  sijuare  inch.  It  is  stated  that  the  machinery  of  t!iis  engine 
was  poorly  designed  and  constructed:  ob\iousiy  the  condenser 
was  quite  insuftk  ient. 

A  few  months*  later  another  fireless  locomotive  working  on 
the  Canartio  line,  was  tested  by  Mr.  R.  H.  Buel  and  Mr.  H.  I.. 
Brevoort.  The  results  of  their  trials  were  ret  orded  in  a  report 
written  by  Mr.  Buel,  in  January,  1874. '  The  reservoir  of  the 
locomotive  was  3  feet  i  inch  in  diameter  and  9  feet  long,  having  a 
steam  dome  12  inches  in  diameter  and  2  feet  high.  The  cylinders 
were  vertical,  5  inches  in  diameter,  with  a  stroke  of  7  inches,  fitted 
with  side-valves  and  link-motion.  The  powerwas  transmitted  to 
one  of  the  axles  by  a  spur  pinion  of  26  teeth  on  the  crank -sh^/t, 
gearing  into  a  wheel  of  46  teeth  on  the  axle.  There  are  four  3c- 
inch  wheels  on  two  axles.  The  reservoir  was  covered  with  cement 
and  felting,  and  the  steam  cylinders  were  heavily  felted.  A  2-inch 
pipe,  perforated  with  small  holes,  lay  along  the  reser\'oir,  near  the 
bottom,  for  nearly  the  whole  length  ;  and  steam  was  admitted 
from  a  stationary  boiler,  through  this  pipe,  for  the  purpose  of 
heating  the  water. 

The  reservoir  was  half  fiiU  of  water  at  the  commencement  of 
the  trip,  of  4*40  miles,  and  the  pressure  of  steam  was  142  lbs.  per 
square  inch.  The  pressure  of  the  steam  during  the  trip  was  as 
follows 

Time,  Prf^^ure,  1  Time*  Pretsoie* 

P.M.  Nm.  pt  r  iiquiirttiocll.  P.M.  tb«.  per  satUWB  wck. 

3.35      ...      142  .  4.7         ...  66 

3.37  ...      132  '  4.10       ...  52 

3.38  ...     124        ,        4.13      ...  48 

3.39  ...      124  4.15       ...  44 

3.51        ...        102  4'2I         ...  29 

3.53     ...       07  4.24      ...  22 

3-55      -  89 


4.4       ...  70 


Average  pressure  81*5  lbs. 


*  Published  in  The  Engineer ^  February  20,  1874,  P^fi^®  ^35- 
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The  total  time  running  the  trip,  4  40  miles,  was  49  minutes,  of 
which  the  time  actually  ninning  was  35^  minutes.  The  average 
speed  whilst  running  was  7  4  \  miles  per  hour.  The  average  speed 
of  the  crank-shaft  was  147  4  lurns  per  minute,  giving  a  speed  of 
piston  I"  2  let  per  minute.  Mr.  Bucl  calculated,  from  the  pres- 
sures in  the  reservoir,  iliaL  210  !1  01  water  was  evaporated  and 
consumed  during  the  trip,  or  at  the  rate  of  48  lbs.  per  mile  run. 
The  engine  was  worked  in  full  gear,  and  tlie  steam  was  wire-drawn 
by  the  regiUator.  The  average  initial  pressure  on  the  cylinder 
was  found,  from  indicator  diagrams,  to  be  23*52  lbs.  per  square 
inch;  the  average  terminal  presiiu  re  was  19  86  lbs.  ;  the  average 
back  pressure  was  5-1 5  ;  the  average  effective  pressure  was  17 '86 
lbs.  per  scjuare  inrh.  The  indicator  power  was  361  horse-power. 
Mr.  Buel  estimated  that  the  quantity  of  steam  manifested  in  the 
cylinders,  according  to  the  indicator  diagrams,  amounted  to  I47'i5 
lbs.,  or  70  per  cent,  of  210  lbs.,  the  calculated  quantity  evapo- 
rated. The  circumstances  under  which  the  steam  was  employed 
in  the  engine  were  obviously  unfavourable.  The  steam  was  not 
worked  exixinsively  to  any  degree  ;  and  much  of  it  was  condensed 
in  the  cylinders.  The  speed  of  the  pistons  was  too  low,  and, 
even  with  such  low  speed,  the  back  pressure  on  the  pistons 
amounted  to  515  lbs,  jjer  square  in(  h,  or  22^  per  cent,  of  the 
positive  pressure  above  the  atmosphere. 


Baxter. 

In  187a,  Mr.  Ba.xter,  of  Newark,  U.S.,  brought  out  a  steam-car. 
Fig.  286,  in  New  York.  It  was  placed  on  four  30-inch  chilled 
wheels,  at  7 -feet  centres,  driven  by  a  steam-engine  with  compound 
cylinders,  placed  together  under  the  floor.  The  steam  was  sup- 
plied from  a  vertical  boiler,  26  inches  in  diameter,  and  4^  feet 
high.  It  is  stated  that  this  steam-car  worked  well,  taking  52 
passengers,  ascending  an  incline  ot  i  in  13.  It  was  also  noise- 
less. 


4i8 


MECHANICAL  POWER  ON  TRAMWAYS. 


Fig.  286.  Steam-car,  by  Mr.  Baxter,  1872.  Scale  ^. 


Grantham. 

Mr.  John  Giandiani,  impressed  with  the  need  for  substituting 
steam-power  for  horse-power,  patented  a  system  of  steam*car  In 
187I1  consisting  of  an  ordinary  tramway-car,  in  which  the  pro- 
pelling power  was  to  be  lodged  and  applied  at  the  middle  of  the 
length  of  the  car.   In  1873  he  had  a  steam-car.  Fig.  387,  con- 


Fio.  287.  Steam-car,  by  Mr.  John  Grantbam,  1872. 


structed ;  of  which  the  car  proper  was  made  at  the  Oldbury 
Carriage  Works,  and  the  engines  and  boilers  by  Messrs,  Merry- 
weather  &  Sons,  to  Mr.  Grantham's  design.  This  was  the  first 
steam-car  for  tramways  constructed  in  England.  A  boiler-chamber 
was  constructed  at  each  side  of  the  body,  to  hold  two  upright 
boilers,  leaving  a  central  passage  free  for  circulation  in  and  out  at 
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^ther  end  of  the  car,  or  from  end  to  end.    The  boilers  were  con- 
stnicted  on  the  Field  system,  with  pendent  water- tubes,  having 
internal  circulating  tubes.   They  were  18  inches  in  diameter,  and 
4  feet  4  inches  high ;  the  fire-giate  of  each  boiler  was  15  inches  in 
diameter.   The  machinexy  was  placed  below  the  floor.  The 
steam-cyiinders  were  4  inches  in  diameter,  with  a  stroke  of  zo 
inches,  and  were  connected  to  a  single  pair  of  driving-wheels,  30 
inches  in  diameter.   The  car  had  four  wheels,  placed  at  i  o  feet 
apart  between  the  axles.   One  axle  was  for  driving ;  the  other 
axle  had  one  wheel  loose,  on  a  sleeve,  so  that  the  wheels  could 
revolve  independently  of  each  other.   The  car,  over  all,  was  30  feet 
in  length :  it  held  seats  for  44  passengers — 20  inside  and  24  out* 
side.   The  weight,  empty,  was  6^  tons.   Early  in  1873,  the  steam* 
car  was  put  to  work  experimentally  on  a  short  piece  of  level 
railway,  350  yards  long,  at  West  Brompton,  where  it  worked  for 
some  time  satisfactorily  enough  with  steam  of  90  lbs.  pressure : — 
traversing  the  line  at  an  average  speed  of  11  miles  per  hour,  in- 
cluding the  starting  and  the  stopping.  But,  though  a  steam-car 
may  do  well  on  a  railway,  it  may  fail  on  a  tramway,  on  which  the 
resistance  is  much  the  greater.  Thus  is  to  be  explained  the  failure 
of  the  Grantham  car  when  it  was  tried  in  November,  1873,  on  a 
portion  of  the  London  Tramways,  between  Victoria  Station  and 
Yauxhall  Bridge ;  possibly,  also,  as  T^e  Engmter  remarked,  be- 
cause of  difficulties  in  firing,  due  to  the  crowded  state  of  the  car. 

The  car  was  removed  to  the  Wantage  Tramway,  where  it  was 
put  to  work.  But  it  did  not  generate  sufficient  steam  for  working 
the  inclines  and  curves  of  the  line,  which  are  severe.  The  Wan- 
tage Tramway  is  two  miles  long ;  the  steepest  gradient  is  i  in  47 
for  350  yards,  and  its  quickest  corye  has  a  radius  of  only  75  feet. 
The  insufficient  performance  of  the  boilers,  and  the  danger  of 
isolated  boilers,  unfitted  the  Grantham  car,  as  first  constracted,  for 
employment  on  ordinary  tramways.  It  was  altered  under  the 
advice  of  Mr.  Edward  Woods.  The  boilers  were  taken  out,  and 
a  single  large  vertical  boiler,  constmcted  by  Messrs.  Shand,  Mason, 
&  Co.,  with  numerous  small  water-tubes,  laid  nearly  h(mzontally, 
was  substituted.  This  new  boiler,  like  the  old  boilers,  was  placed 
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in  the  middle  of  the  car,  nearer  one  side  than  the  Other,  completely 
boxed  off,  and  leaving  a  passage  or  thoroughfare  towards  the  other 

side  between  the  first-class  and  the  second-class  ends  of  the  car. 
New  wheels  ol'  >.iaaller  diameici  .  24  inches,  were  substituted  for  the 
original  wheels.  One  pair  of  the  wheels  was  used  for  di  ivuij^.and 
the  other  pair,  as  before,  had  one  loose  wheel  to  ease  tlie  passage 
on  curves.  The  car  was  driven  from  either  end  by  removable 
levers,  by  means  of  whicii  the  driver  possesses  entire  control  of  its 
movements.  It  was  27  feet  3  inches  long,  6  feet  6  inches  \\nde, 
and  1 1  feet  i  incli  high.  The  net  weight  of  the  car,  em[)ty,  wa:*  6i 
tons,  and  with  a  supply  of  coke  and  water.  8  tons.  It  could 
accommodate  60  passengers,  making  a  load  of,  say,  5  tons,  and  a 
gross  weight  of  13  tons  loaded. 

The  following  estiniate  of  the  cost  of  working  tramways  by  the 
Grantham  steam-car,  was  based  on  the  results  of  experience  on 
the  Wantage  Tramway.  It  was  assumed  that  a  mileage  amounting 
to  26,260  miles  is  run  chiring  the  year,  equivalent  to  72  miles  per 
day,  although,  as  a  matter  of  fact,  the  daily  mileage  run  on  the 
Wantage  line  has  been  less  than  40  miles. 

Wantage  Traaiwav. 
Estimated  cost  0/ working  Grantham's  Steam-car* 


One  engine-driver  @  35$.  per  week   \  ^    s.  d. 

stoker        *  „  258.      „         (    808.      ao8  o  o 

„    conductor         20s.  ; 
Fuel,  7  lbs.  of  coke  per  mile  for  26,260  miles  = 

82  tons  @  15s  61  10  o 

Oil,  tallow,  wash,  and  sundries,  %  \d,  per  mile, 

for  26,260  miles  2;   7  i 

Water  at  is.  per  day  1850 

Repairs  of  car  and  machineiy,  at  id.  per  mile, 

for  26,260  miles  loo   8  4 


Total  cost      ,      .      .;^424  10  5 


or,  3'88d.  per  mile  run. 

The  next  steam-car  constructed  on  Grantham's  system,  Fig. 
sS8 — though  the  leading  speciality  of  the  system  nearly  vanishes 
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in  the  car  last  constructed— comprised  a  few  further  improvements, 
made  on  the  recommendation  of  Mr.  Woods.  A  four-wheel 
bogie  was  substituted  for  the  independent  wheels,  and  the  boiler 
and  machinery  were  placed  at  one  end  of  the  car.  The  car 
was  constructed  by  the  Starbuck  Car  and  Wagon  Co.,  Bir- 
kenhead, to  work  on  the  Vienna  Tramways.  The  machinery 
and  the  boiler  were  supplied  by  Messrs.  Shand,  Mason,  &  Co. 
The  boiler  was  one  of  their  inclined  water-tube  boilers,  like  those 
which  are  employed  by  them  in  the  construction  of  fire-engines. 
The  fire-box  was  upright ;  the  water-tubes,  which  were  of  small 
diameter,  were  arranged  in  layers,  slightly  inclined,  which  crossed 
each  other,  one  layer  above  another.  The  machinery  was  below  the 
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platform,  and  the  water-tanks  were  placed  under  the  seats  of  the 
car.  The  cylinders  were  6  inches  in  diameter,  with  a  stroke  of 
9  inches;  the  driving-wheels  were  a  feet  in  diameter;  and  the 
bogie-wheels  were  20  inches,  placed  at  3  feet  between  the  centres 
of  the  axles.  The  distance  from  the  centre  of  the  driving-axle 
to  that  of  the  bogie,  was  8  feet  On  this  working  base  of  8  feet, 
there  was  a  total  laigth  of  car  equal  to  28I  feet,  of  which  the 
length  of  the  body  was  23 J  feet,  coni])ribing  14  feet  for  the 
accommodation  of  24  passengers,  and  9I  feet  for  the  boiler-room. 
The  total  weight  was  about  7  tons  gross,  with  passengers,  of 
which  there  were  3  tons  on  the  driving-wheels,  and  4  tons  on  the 
bogie.   The  price  of  the  steam-car  was  about  ^750. 

This  car  was  tried  on  the  Hoylake  and  Birkenhead  Tramway 
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on  May  ii,  1876.  The  tramway  is  2i  miles  long,  with  curves  of 
35  feet  radius,  and  a  maximum  gradient  of  i  in  19.  The  car 
made  three  complete  doiil  le  journeys,  or  a  total  nmning  of  15 
miles,  with  a  load  of  45  passengers.  The  workinj  pressure  in 
the  boiler  was  100  lbs.  per  square  inch.  The  ordinar)  speed, 
whilst  nmning,  was  al)oiit  10  miles  per  lioiir ;  but  the  speed,  when 
tested,  occasionally  reached  doulile  that  rate. 

Tiic  car  as(  ended  the  iti<  line  i  in  19;  but  it  could  not 
ha\e  started  on  tiic  incline  if  it  had  previously  been  stopped 
upon  it. 

A  trial  of  this  steam-car  was  made  on  rearhin^^  ita  destination, 
on  the  \'ieniia  Tramways,  over  a  piece  2  40  miles  long,  between 
the  Scnuncring  Tramway  Sr.ttion  and  the  Central  Cemetery,  oa 
July  28,  1876.  Tiie  distant  e  was  traversed  in  15  minutes,  or  at 
the  rate  of  miles  per  hoar,  including  stoppages.  The  steej>e>i 
gradient  was  i  in  48,  whi^^  was  ascended  at  a  speed  of  14  miles 
per  hour.  Tlie  bo''  "  ^h  a  rapid  generator  of  steam,  was,  for 
the  purpose  of  a  if  .  ay  motor,  too  limited  in  water-room  ;  and 
it  demanded  skilled  management  to  maintain  the  pressure  free 
from  violent  fluetuations. 

The  regular  working  speed  was  from  10  to  12  miles  per 
hour. 

In  Mr.  Woods'  latest  design  of  the  Grantham  steam-car,  the 
distance  between  the  centres  of  the  driving-axle  and  the  bogie  was 
increased  to  r  o  feet. 

The  Grantham  car  continued  in  daily  work  for  some  time,  as 
late  as  in  18S1,  on  the  Wantage  Tramway.  In  the  reports  of  Mr. 
G.  Stevenson,  the  engineer  of  the  line,  in  that  year,  it  appears  that 
the  steam-car  consumed  220  lbs.  of  coke  per  day  in  nmning  8  trips 
of  5  miles  each,  or  40  miles  in  all  :  at  the  rate  of  5  J  lbs.  of  coke 
per  mile  nm,  and  not  7  lbs.,  as  was  assumed  for  estimation.  The 
car  weighed  with  fuel  and  water  6^  tons,  and  took  2^  tons  of  pas- 
sengers ;  making  a  gross  weight  of  9}  tons,  for  moving  w^hich  the 
fuel  was  consumed  at  the  rate  of  -59  lb.  per  ton-gross  per  mile 
run.  According  to  the  first  estimate  given  in  page  420,  the  total 
working  cost  Tor  the  Grantham  car  was  calculated  at  3*88d.  per 
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mile  ran.  It  dow  appears  from  the  published  accounts,  that  the 
cost  for  locomotive  power  for  the  two  years  ending  June  30, 1880, 
during  which  24,280  miles  were  run  by  cars,  amounted  to  4*44d. 
per  mile  run  by  cars,  comprising  the  cost  for  the  heavier  engines  of 
Hughes  already  noticed. 


Per&ins. 

In  1874,  a  tramway  locomotive  was  constructed  on  the  system 
of  Mr.  Lolhis  Perkins,  by  the  Yorkshire  Engine  Company,  for  the 
Belgian  Street  Railway  Company,  Brussels.    It  was  worked  with 
steam  of  a  pressure  of  500  lbs.  per  square  inch,  with  compound 
cylinders,  of  which  the  first  cylinder  was  single-acting,  2 1^  inches 
in  diameter,  and  the  second  cylinder  .\N;as  double-acting,  4}  inches 
in  diameter.  Thence  the  steam  was  exhausted  into  an  air-suiface 
condenser,  consisting  of  two  assembl     ;9f  .>:ertical  J -inch  copper 
tubes,  one  on  each  side  of  the  engine,  P  r.,,^^.,^^  together  700  or 
800  square  feet  of  cooling  surface.   The  steam  was  condensed  by 
the  cooling  action  of  the  atmospheric  air  which  circulated  about 
the  outsidesof  the  tubes.  The  upper  ends  of  the  tubes  were  closed, 
with  the  exception  of  a  small  aperture,  about  ,\  inch  in  diameter, 
left  for  the  escape  of  residual  vapour.    The  boiler  was  constructed 
of  bent  iron  tubes,  2]  inches  diameter  inside,  and  »  inch  thick; 
it  liad  been  proved  to  a  pressure  of  2,500  IIjs.  on  the  S(}uare  inch, 
or  167  atmospheres.    Coke  was  tlic  VmA  used,  ami  the  force  of 
draught  was  simjily  that  due  to  the  licighi  01  liie  chimney.  The 
wheels  were  2  feet  in  duuneter ;  tlie  axles  were  2^  inches  in  dia- 
meter, swelled  to  a  diameter  of  3i  inches  at  the  miildle.  The 
speed  of  the  crank-shaft  was  reduced  by  toothed-wheel  gearing, 
in  the  ratio  of  four  to  one  ;  and  the  motion  was  taken  off  the 
second  shaft  to  the  wheels  by  coupling-rods.    The  weight  of  the 
locomotive  was  only  four  tons,  in  working  order.     The  scantling 
of  its  parts  appears  generally  to  have  been  scarcely  sutTicient. 
The  crank-shaft,  for  example,  was  only  i inches  in  diameter.  Mr. 
Cramp  states,  that  in  a  preliminary  trial  of  this  eyi^gine,  with  its 
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load,  in  the  end  of  1874,  on  the  Manchester  and  Sheffidd  Rail- 
way, a  speed  of  15  miles  per  hour  was  attained,  on  gradients  of 
from  I  in  200  to  i  in  80. 


FlO.  289.    Perkins's  Condensing  Locomotive:  Elevation. 


The  engine  was  sent  to  Brussels,  wliere  it  had  the  duty  of 
drawing  a  one-horse  ])assenger-(  ar.  M.  Vaucamps,  director  of 
the  Belgian  Street  Railways,  writing  ui)on  tlie  results  of  trials  in 
the  end  of  1874*  stated  that  the  system  was  perfect :    In  fact,  no 
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smoke,  no  escape  of  steam  into  the  atmosphere,  no  noise,  no 
feeding  of  water  during  the  trip,  nor  even,  if  needful,  for  several 

days." 

M.  Spec,  writing  in  December,  1875,*       ^^t  form  quite  so 


Fig.  290.  Feikins'sCondeasmg  Locomotive;  Transverse  Section. 

favourable  an  estimate;  but  he  was  convinced  that  this  motor, 
slightly  modi^ed,  would  answer  perfecdy.   It  would  be  neces* 

*  ExploiiaHon  des  Chtmins  de  Fers  Amiricains  jter  TracHon 
Micanique^  page  12. 
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san-  to  employ  two  cylinders  at  least  [probably  he  meant  two 
S}  Ills  of  (ompound  cylinders].  The  pressure,  35  atmospheres, 
u  conseciuence  of  which  it  is  very  difticult  to  maintain  the  joints, 
would  not  ap])ear  to  be  indispensable.  The  condenser,"  he  added, 
''does  not  act  eftitiently,  for  the  outer  ranges  of  tubes,  screening 
the  others,  prevent  their  being  sufficiently  cooled."  M.  Vaucamps 
appears  to  have  afterwards  adopted  similar  views,  for,  in  1875,  he 
adapted  two  systems  of  compound  cylinders  to  the  engine,  with  a 
mode  of  coupling  by  frictional  gearing,  heavy  and  complicated, 
for  moving  the  locomotive  either  way ;  this  gearing  gave  rise  to 
violent  shocks. 

"  After  having  tried  this  coupling-gear  for  some  time/*  says 
M.  Sp^e,  *'M.  Vaucamps  resolved  to  take  the  machine  to  pieces* 
and  sell  it  as  old  metal." 

Mr.  Perkins  availed  himself  of  the  results  of  his  experience  with 
the  locomotive  at  Bntssels,  in  the  designing  of  the  oondenstag 
locomotive,  Figs.  289  and  390.  It  is  compactly  arranged,  within 
a  length  of  10  feet,  a  width  of  7  feet,  and  a  height  of  9  feet 
8  inches  above  the  level  of  the  rails,  exclusive  of  the  chimney,  which 
is  about  13  or  14  feet  high.  The  wheel-base  is  4  feet  3  inches  in 
length,  and  the  width  of  gauge  is  4  feet  8^  inches.  The  boiler 
and  the  engines  are  placed  side  by  side  in  the  middle,  and  they 
are  flanked  by  two  air^condensers. 

The  motion  is  reduced  by  toothed  gearing  from  the  crank- 
shaft to  an  intermediate  shaft,  and  is  thence  communicated  to  all 
the  wheels  by  coujding-rods. 

The  bmler  is  vertical,  and  is  constructed  on  Mr.  Perkins's  water- 
tube  system.  There  are  nine  tiers  of  wrought-iron  tubes,  bent  to 
an  oblong  form,  with  circular  ends,  2  \  inches  in  bore,  and  |  inch 
thick.  The  tiers  are  connected  vertically  by  short  junction  tubes 
of  smaller  diameter.  The  boiler  is absolutely  safe  from  explo- 
sion." Tiie  total  external  heating  surface  presented  is  90  s(iuare 
feet.  The  area  of  grate-surface  is  3  square  feet.  Thus  the  ratio 
of  the  fire-grate  area  to  the  heating  surface  is  i  to  30.  The 
pressure  of  steam  in  the  boiler  i^  500  lbs.  per  square  inch,  though 
the  boiler  is  constructed  to  bear  a  maximum  pressure  of  800  lbs. 
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per  square  inch.  The  chimney  is  sufficient,  by  the  natural  draught, 
for  the  production  of  steam,  with  coke  as  fuel. 

The  engine  consists  of  two  single-acting  cylinders  and  one 
double-acting  cylinder.  The  single-acting  cylinders  have  ofie 
piston-rod ;  the  steam,  at  400  Ibs^  pressure,  being  admitted  above 
the  piston  by  the  first  and  smallest  cylinder,  3!  inches  in  diameter; 
then  expanded  into  the  second,  or  medium,  cylinder,  5}  inches  in 
diameter,  below  its  pbton;  lastly,  exhausted  into  the  double- 
acting  cylinder,  which  is  7^^  inches  in  diameter.  The  first  and 
second  cylinders  thus  work  together  as  one  cylinder,  and  they, 
with  the  third  cylinder,  are  connected  to  a  crank-shaft,  with  a 
stroke  of  9  inches.  The  object  of  the  combination  of  the  first 
and  second  cylinders,  and  working  them  by  single  action,  is  to 
prevent  the  exposure  of  the  packing  round  the  piston-rod  to  the 
extreme  temperature  of  the  steam  as  first  admitted. 

The  steam  is  cut  off  in  the  first  cylinder  at  three-fourths  of 
the  stroke ;  and  whilst  its  initial  temperature  at  400  lbs.  effective 
pressure  is  about  450^  F.,  the  pressure  falls  by  expansion  to 
something  less  than  300  lbs.  effective  pressure  when  the  steam 
enters  the  second  cylinder,  where  the  initial  temperature  does 
not  exceed  420^  F. 

A  siifTiciently  high  degree  of  expansion  is  obtained  by  this 
combination,  for  the  working  volumes  of  the  cylinders  are  as 
follows : — 

ArtM  of  pitton. 

1st  cylinder    .      .      .     .    7-67,  as  i 
and     M       ....  2376,  as  3*23 
3rd     „     44' I S  sq.  in.  X  2  s  88*36,  as  1 1*52 

Setting  off  the  expansion  in  the  first  rylinder  against  the  reduc- 
tion of  expansive  action  by  clearances,  it  may  be  taken  that  the 
steam  v^-^y  V»e  finally  expanded  to  twelve  times  its  initial  volume 
before  being  exhausted  into  the  condensers.  The  cylinders  are 
jacketed  with  steam  direct  from  the  boiler  ;  the  jackets  are  in 
reality  coils  of  pipes,  of  small  bore,  conducted  round  the  cylinders, 
embedded  in  the  casting.*:* 
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The  cnuinc,  boiler,  and  chimney  arc  entirely  enveloped  ID  a 
non-conduciing  casing  of  vegetable-black,  3  inches  thick. 

The  condensers  consist  each  of  a  great  niimbei  of  brass  lubes, 
J  inch  in  diameter  ouuidc,  and  6  feet  long,  placed  vertically  on  a 
hollow  base,  and  jiitched  at  a  distance  of  one  inch  between 
centres.  The  steam  is  exhausted  into  the  hollow  base  of  each 
condenser,  whence  it  freely  enters  the  tubes,  which  are  nearly 
closed  at  the  upper  ends,  leaving  only  a  ver}'  small  opc-ning, 

inch  in  diameter,  to  the  atmosphere.  They  jjresent  an  area  of 
external  surface  e(jiial  to  i'5oo  s(iuarc  feet,  of  which,  it  is  stated, 
150  square  feet  are  sufficient  for  the  formation  of  one  cnljic  foot 
of  water  per  hour,  by  the  condensation  of  steam  as  from  a  tem- 
perature of  212'^  F.,  or  atmospheric  pres.sure.  The  total  quantity 
of  steam  that  could  be  condensed  per  hour,  as  from  212*^  F., 
would  thus  amount  to  10  cubic  feet  of  water,  which  affords  ample 
margin.  The  feed  is  drawn  from  the  condensation-water.  The 
temperature  of  cond  i  sition  is  from  210°  to  212*^  after  the  water- 
supply  is  heated.  The  back  pressure  in  the  condenser  is  about 
I J  lbs.  per  square  inch  above  the  atmosphere. 

The  intermediate  shaft  is  geared  to  the  crank-shaft  in  the  ratio 
of  4  to  I,  to  make  one  turn  for  four  of  the  crank-shaft,  and  the 
motion  is  transmitted  by  4-inch  cranks,  with  coupIing-rodS|  to  the 
wheels,  which  are  24  inches  in  diameter  The  play  of  the  springs 
is  allowed  for  by  a  slot  in  each  coupling-rod.  The  axle-boxes  of 
each  pair  of  wheels  are  united  into  one  piece,  reaching  across  the 
engine. 

The  weight  of  the  locomotive,  empty,  is  5}  tons,  of  which 
10  cwt.  is  contributed  by  the  condensers.  The  weight,  in  iiill 
working  order,  with  fuel  and  water  for  the  day*s  work,  is  6  tons. 

It  was  anticipated  that  very  economical  results  of  performance 
would  be  obtained  by  the  use  of  this  locomotive.  In  a  stationary 
engine  and  boiler  constructed  on  the  same  system,  i8-indicator 
horse-power  has  been  realised  with  a  consumption  of  30  pounds 
of  coke  per  hour,  equivalent  to  x  -67  pounds  per  horse-power  per 
hour.  The  waste  of  water  in  the  engine  is  only  5  gallons  in 
12  hours. 
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The  tramway  locomotive,  working  at  full  power,  indicated,  it 
was  stated,  30  iiorse-jiowcr,  with  a  consumption  of  about  50  lbs. 
of  coke  per  hour,  or  1 7  lbs.  per  square  foot  of  grate  per  hour. 


SOCI^T^  METALLURGIQUE, 

The  Society  Me'tallurgique  et  Charbonniere,  Belgium,  according 
to  M.  Spee,  constructed,  in  1875,  a  locomotive  fitted  with  a  three- 
cylioder  engine  on  Brotherhood's  system. 

The  high^  speed  of  the  engine  was,  in  the  first  design,  reduced 
by  means  of  an  endless-screw  and  wheel,  with  a  view  to  the 
prevention  of  noise.  But  this  gearing  broke  down  several  times, 
and  the  friction  and  the  wear  were  found  to  be  so  considerable, 
that  in  a  second  design  the  reduction  of  speed  was  effected  by 
means  of  spur^gear*  From  cranks  on  the  last  shaft  of  the  motion, 
the  wheels  were  turned  by  connecting-rods.  A  fly-wheel,  also, 
was  fixed  on  the  first  shaft  of  the  engine,  for  the  purpose  of 
preventing  the  noise  of  the  gearing.  The  locomotive  resembled, 
in  external  appearance,  an  omnibus ;  the  body  was  7  feet  2  inches 
long,  and  6  feet  S  inches  wide;  the  total  length  of  the  frame 
was  iii  feet.  There  were  four  wheels,  coupled,  of  which  the 
axles  were  3  feet  7  inches  apart  between  centres.  The  boiler 
was  of  the  Belleville  type,  **  inexplodable,"  consisting  of  water- 
tubes  aizanged  for  rapid  evaporation,  with  only  the  natural 
draught  of  the  chimney.  It  is  fed  automatically  by  a  donkey- 
engine. 

The  steam  was  slightly  superheated,  and. was  exhausted  into 
a  sur&ce-condenser,  whence  the  remaining  uncondensed  steam 
mixed  with  the  air  is  discharged  into  the  chimney.  The  principle 
of  the  condenser  consisted  in  the  division  of  the  exhaust-steam 
into  a  number  of  jets,  which  drew,  each  by  a  conical  no2zle, 
currents  of  air  to  condense  the  steam.  The  locomotive  weighed 
6  tons,  and  it  carried  a  supply  of  coke  and  water  for  4  or  5  mile& 
It  was  found  that  the  condensation  was  imperfectly  effected  when 
the  atmosphere  was  not  warm  or  dry,  and  in  another  locomotive 
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of  the  same  kind.  con>triicted  subsef[uently,  the  area  of  the  con- 
densing surface  was  extended  to  five  times  that  of  the  surtaoe  in 
the  first  engine. 

To  ficilitate  the  liibrir.iiion  of  t'nc  cylin<lers,  they  were  j  hiced 
horizontally  on  the  jilatforin  near  the  com  hu  tor.  Tlie  stoker, 
%\'ho  took  his  place  within  ths  covering,  attended  to  the  lire  aod 
the  water. 


Kohl. 

In  August,  1875,  ^  tramway-locomotive,  construct^  by  Mr.  A. 
Kohl,  a  Danish  engineer,  was  tried  in  Copenhagen,  on  the  tramway- 
worked  by  the  American  (Jninilnis  C'umpany.  It  weighed,  in 
working  order.  u|/.v.a  of  5  tons,  and  it  drew  two  American 
trauuvay-tars  filled  with  passengers. 


Smith  &  Mygind. 

In  December,  1875,  a  tramway-locomoti\e,  constructed  h\ 
Messrs.  Smith  Mygind,  of  Copenhagen,  was  put  to  worK  oa 
the  tramways  of  Copenhagen,  drawing  passenger-cars,  i  he  boiler, 
according  to  M.  Spec,  was  of  the  locomotive  type,  and  compound 
cylinders  were  employed.  The  exhaust  steam  was  condensed  in 
a  surface-condenser,  holding  a  quantity  of  water  suthcient  to  last 
an  hour. 


MM.  Bkle  &  Co.,  Belgium,  constructed  a  fireless  steam  car, 
in  1875,  to  the  directions  of  the  Socidtd  G^n^rale  de  Tramways. 
The  reservoirs  consisted  of  four  small  horizontal  cylinders  placed 
under  the  seats,  and  two  upright  cylinders  placed  one  on  each 
side  of  the  car,  enclosed,  and  leaving  a  passage-way  within  the 
car  between  the  first-class  and  second-dass  compartments.  The 
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steam,  disengaged  in  the  upper  part  of  the  upright  cylinders, 
descended  in  a  pipe  through  the  hot  water,  to  the  steam  cylinders. 
There  were  three  steam  cylinders,  4J  inches  in  diameter,  with  a 
stroke  of  14*2  inches,  connected  to  a  triple-crank  axle,  with  28  inch 
wheels.  They  were  fitted  with  link-motions.  The  crank -axle 
was  placed  under  the  middle  of  the  car,  which  originally  bad  two 
other  axles  with  20-inch  wheels  which  were  loose  on  the  axles. 
One  of  the  pair  of  wheels  was  removed,  and  the  wheels  of  the  other 
pair  were  fixed  on  the  axle.  But  the  wheels  were  not  coui)]ed. 
The  reservoir  contained  50  cubic  feet  of  water  heated  to  365°  F., 
for  an  effect i\  e  air-pressure  of  10  atmospheres  or  162  lbs.  per 
square  inch.  The  reserve  of  heat  was  sufficient  to  last  50  minutes 
at  the  ordinary  speed  on  tramways,  with  a  load  of  1*60  tons.  The 
car  ran  with  facility  on  curves  of  40  feet  radius,  and  ascended  an 
incline  of  r  in  28,  with  a  pressure  of  4}  atmospheres,  or  66  lbs,  per 
square  inch.  The  car  stopped  and  started  quickly  and  without 
shock.  The  exhaust-steam  was  dischai:ged  into  a  chamber  so 
arranged  as  to  separate  water  from  the  steam,  and  the  sound  of  the 
escaping  steam  was  scarcely  audible.'^ 

It  appeared  that  this  engine  worked  daily  with  regularity  and 
success  in  Belgium.t  The  charging  of  the  reservoir  was  renewed 
every  two  hours,  and  was  done  in  a  quarter  of  an  hour.  The 
cylinders  constituting  the  reservoir  were  covered  with  woven  glass 
and  lagging.  A  tank  was  filled  with  cold  water  for  condensing  the 
exhaust  steam  i  there  were»  it  is  said,  four  horizontal  steam*cylin* 
ders,  two  at  each  end,  all  of  which  are  brought  into  action  in 
ascending  the  steepest  incline  already  noted.  The  speed  attained 
was  ten  miles  per  hour,  on  a  level.  Suet  was  used  for  lubricationy 
to  obviate  the  odour  of  oil.  The  sockets  for  the  driving  and  other 
levers  were  in  duplicate,  one  set  at  each  end  of  die  car.  The 
engine  was  about  (September,  1877)  to  undeigo  a  few  alterations, 
but  it  was  ultimately  taken  off  the  line  on  account  of  the  excessive 
cost  of  working. 

•  These  particulars  are  borrowed  from  M.  Sp^e. 
f  The  Foreman  Engineer  and  Draughtsman^  September,  1877, 
page  135. 
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Baldwin. 

Reverting  to  America,  a  steam-car  was  built  at  the  Baldvin 
Locomotive  Works,  io  1875,  and  was  expeiimentaUy  worked  00 
the  Atlantic  Avenue  Railway  (Tramway)  at  Brooklyn,  for  Ac 
first  six  months  of  1876.  It  was  run  and  kept  in  order  by  one 
engineer  during  that  time,  consuming  from  7  lbs.  to  8  lbs.  of  cosi 
per  mile  ran,  Hight  and  morning,  it  drew  behind  it  an  additkmal 
car  with  passengers  from  and  to  New  York.  On  several  occasioiis 
a  speed  of  16  or  18  miles  per  hour  was  attained  with  it.  In  June, 
1876,  the  steam-car  was  removed  to  Philadelphia,  where  it  was 
worked  on  the  Market  Street  line  till  nearly  the  date  of  cIosiQg 
the  Centennial  Exhibition.  The  car  was  constructed  with  steam- 
cylinders  under  the  body,  connected  to  a  cranked  axle,  to  which 
the  fore-wheels  were  coupled.  The  hind-wheels  were  free.  The 
machinery  vva.s  fixed  to  an  iron  bed-jjlate  bolted  to  the  wooden 
framing  of  the  car.  This  mode  of  construction  was  found  to  be 
objecti<)na])le,  as  the  framing  was  not  strong  enough  for  the  pur- 
pose, and  the  crank-axle  u.is  subject  to  ocaisional  breakage. 

In  the  end  of  1S76,  therefore,  the  steam-car  was  removed  to  the 
works  of  the  Baldwin  C(»ni])any  to  be  reconstructed.  An  iron 
framework  was  made,  on  which  an  upright  boiler  and  the  machiner)' 
were  fixed,  imlependent  of  the  body  of  the  car,  which  was  bolted 
down  to  it  J  and  outside  horizontal  cylinders  were  employed.  In 
this  way  existing  car  stock  could  be  utilised — bolting  down  the 
bodies  \o  an  engine-frame  adapted  to  receive  them  and  carry  theni. 
The  throttle-valve  was  ])]ared  close  to  the  cylinders — a  good  iik-i 
— having  the  advantage  of  promjttly  stojjping  and  starting  the 
engine.  The  car  was  carried  on  rubl>er  sidings,  with  cross  equalis- 
ing-lteams;  the  mctiion  was  smooth,  free  from  interference  by  the 
action  of  the  machinery.  The  boiler  was  of  steel,  double-riveted, 
and  was  calculated  to  suj)j)ort  with  safety  a  steam-pressure  o\ 
300  lbs,  per  square  in(  h.  Ikit  a  j)rcs?;ure  of  90  lbs.  was  sufiuient 
to  nio\e  the  loaded  car  o\er  the  steepest  inclines  on  the  Market 
Street  line,  which  are  about  1  in  22,  without  ever  "stalling"  or 
requiring  assistance.   The  reconstructed  steam-car,  which  was 
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named  the  "  Baldwin,*'  was  replaced  on  the  Market  Street  Tram- 
way on  March  21, 1877 ;  it  worked  regularly  for  four  weeks,  to 
AprO  iS : — running  88  miles  per  day*  seven  days  in  the  week. 

The  quantity  of  fuel,  coal,  consumed  by  the  steam-car  amounted 
to  4,950 lbs.  in  seven  days,  running  (7  x  88  =)  616  miles:— at  tlie 
rate  of  8*03  lbs.  per  mile.  The  car  did  not  rc([uire  any  repair 
during  the  four  weeks'  run.  The  actual  daily  expenses,  with  esti- 
mated cost  for  niaintciiunce  and  interest,  were  as  lullows :  — 

Baldwin  Steam  Car. 

Cosi  of  Running  one  Sieam-Car  otic  day. 


Fuel,  88  miles,  at  8  lbs.  per  mile*  equal  to 

DvlLrs. 

a. 

704  lbs.,  <»  4  dollars  per  ton 

1*26 

or 

5 

3 

Oil,  waste,  and  tallow  

»f 

I 

Wages  of  entjineers,  \(>  hours  @  25  cents 

4*00 

if 

16 

Repair  and  maintenance  of  car  and  ma- 

1*00 

•» 

4 

Working  cost 

6*51 

It 

27 

Daily  intcrciit  cm  cost  of  steam-car,  J.oco 

dollars,  or  £^2^,  %  6  per  cent.,  per  year  . 

M9 

f » 

2 

Total  cost  per  day  (4d.  per  mile  run) 

7-00 

ri 

29 

2 

The  Baldwin  Company  also  constructed  a  tramway  locomoti\e, 
having  boilers  and  cylinders  of  the  same  capacity  as  those  of  the 
Steam-car^  on  an  iron  frame ;  of  which,  with  water-tanks,  the  total 
weight  was  12,000  lbs.,  or  5-35  tons.  The  whole  of  these  masses 
were  carried  within  the  wheel-base,  so  preventing  rocking  and 
pitching.  A  locomotive  of  this  class  was  constmcted  in  1876  for 
the  Citizens'  Railway  of  lialtim^^M f)f  which  the  maximum  gra* 
dients  are  i  in  14  -3.  It  was  capable  of  drawing  one  car  up  the 
incline,  but  it  had  not  sufhcient  power  to  take  up  two  cars.  K 
second  engine,  weighing  about  7*3  tons,  was  built  and  deliveu*  I  in 
December,  1876.  During  severe  snow-storms  it  ascende<  the 
maximum  incline,  drawing  one  car,  with  coo  passengers,  wh  'he 
tracks  were  covered  in  places  with  a  mixture  of  snow  and  d,  -  :o 
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a  depth  of  8  or  lo  inches.  It  could,  without  difficulty,  dram'  a 
loaded  car,  for  taking  which,  othci  wibe,  four  horses  were  required. 
In  better  weather  the  locomotive  worked  regularly — taking  two 
cars  up  the  incline. 

The  following  is  a  statement,  for  comparison,  of  the  cost  ol 
running  horse  cars,  based  on  the  reports  of  various  tramway  com- 
panies in  Philadelphia : — 

Horse  Cars  in  Philadelphia. 

Cast  of  Running  one  TwO'Horse  Car  one  day. 

First  cost  of  one  car,  ifioo  dollars,  or      .      .      .  358  6  8 
Ditto      9  horses,  ®  140  dollars,  or  £2^  3s.  4d.   262  10  o 

I'eed  and  stable  expenses  (feed,  straw,  hostlers,  stable 

boss,  medicines),  of  9  horses,  (cv  46  cents,  or  is.  ild.  17  3 

Shoeing  of  9  horses,  @  6  cents,  or  3d   23 

Maintenance  of  harness  of  9  horses,  @  2  cents,  or  id.  09 

Maintenance  of  9  horses,  ®  33,^  per  cent,  per  year,  for 

depreciation,  equivalent  per  day  for  9  horses  to  .      .  4  9I 

Maintenance  of  car   18 

W.iL'cs  of  driver   7  3i 

Daiiy  inlcrei>l  on  cost  oi  ear  and  9  horses,  @  6  per  ernt. 

per  year   16^ 

Total  .      .      .    35  6i 

Compared  with  this  amount,  the  cost  of  running  a  steam  car, 
before  estimated  at  29s.  2d.  per  day,  shows  a  difi'erence  of  6s.  4§d. 
per  day,  or  18  per  cent,  in  reduction  on  the  cost  for  horse-power. 


Ransom. 

Mr.  Louis  Ransom^s  steam  car  b  so  constructed  that  the 
machinery  may  be  readUy  adapted  to  existing  cais.  A  double* 
crank  axle  with  driving-wheels  for  inside  cylinders,  is  substituted 
for  one  pair  of  ordinary  wheels,  and  the  machinery  is  placed 
horizontally  under  the  floor.   The  two  cylinders  are  cast  in  one 
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picsce,  connected  to  the  driving  axle  by  means  of  three  bars,  which 
ha\-e  bearings  on  the  axle,  and  form  the  framing  of  the  engine. 

The  valve-gear  consists  of  a  rocking  expansion*]ink,  vibrating  on 
a  pivot  at  the  middle^  and  worked  by  two  eccentrics.  The  valve- 
spindle  is  connected  to  the  expansion-link  by  a  radius^link,  which 
is  shifted  vertically  for  reversing  and  for  varying  the  degree  of 
expansion.  The  forward  end  of  the  engine-frame^  at  the  cylinders, 
is  supported  by  a  loop  pinned  to  the  bottom  of  the  body.  "Bf  this 
aixaDgement  the  engine  is  suq)ended  on  three  points,  and  is  easily 
removed  for  the  purpose  of  repair.  Light  repairs  may  be  made  by 
merely  detaching  the  fore*end  of  the  frame  from  Uie  body,  and 
letttng  it  hang  from  the  crank-axle.  The  machinery  is  accessible 
for  general  purposes  through  trap-doors  in  the  floor.  It  b  enclosed 
in  a  casing  made  so  perfectly  dust-tight  that  even  after  having  run 
all  day  through  dusty  streets  the  engine  is  free  from  dus^  and  is 
actually  covered  with  drops  of  water,  being,  the  slight  quantity  of 
steam  condensed  which  escapes  from  the  stuffing-boxes.  The 
boiler  is  pkced  a  little  forward  of  the  front  axle ;  the  water-tank 
is  under  the  floor  at  the  rear  end ;  the  body — ^for  passengers--is 
nearly  equally  divided  forward  and  aft  of  the  hind  axle.  To  quell 
the  noise  of  the  exhaust*steam,  the  steam  is  passed  through  a 
muffler,  consisting  of  a  box  filled  with  balls  or  pebbles. 

The  body  of  the  car  is  i6  feet  long,  having  seats  for  23  passen- 
gers. The  length  of  wheel-base  is  7  feet— longer  than  what  is 
customary,  but  the  car  runs  by  so  much  the  more  steadily.  It  is 
said  that  there  is  less  teier  in  passing  over  rough  or  uneven  places 
in  the  line,  although  the  resistance  on  curves  is  greater  than  with 
a  shorter  base.  The  cylinders  are  5!  itiches  in  diameter,  with  a 
stroke  of  14  inches.  The  boiler  is  upright,  3  feet  i  inch  in 
diameter,  and  4  feet  8  inches  high,  made  of  one  sheet  of  No.  i 
charcoal  hammered  iron;  it  contains  300  upright  flue-tubes, 
inches  in  diameter,  and  12  inches  long,  making  up  a  beating 
surface  of  1 16  square  feet,  for  a  grate-area  of  6^  square  feet  The 
pressure  in  the  boiler  is  120  lbs.  per  square  inch ;  the  testmg  pres- 
sure  was  200  lbs.  The  steam-room  has  26  times  the  edacity  of 
one  cylinder  of  the  engine.   The  car  is  fitted  with  a  steam  brake, 
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having  a  cylinder  3A  inches  in  diameter,  with  a  stroke  of  8  inrhe-^ : 
the  piston-rod  is  extended  with  a  rack,  gearing  into  a  tootl.ed 
sector  linked  to  kniirkle-jointed  levers,  by  which  the  brake-b]o<  ks 
arc  forced  a^ain>l  the  inner  edges  of  the  wheels.  The  steam-\  alve 
lor  the  brake  is  tlirown  open  by  the  same  moveinent  which  doses 
the  regulator. 

In  Januar)',  1S76,  one  of  the  Ransom  .steam  cars,  constructed 
by  Messrs.  Gilbert,  I'lisli  iS:  Co.,  Troy,  N.Y.,  was  placed  on 
the  Coney  Island  Railroad.  4^  miles  iii  length,  where  it  ran 
81  miles  per  day  for  five  months.  The  double  trip  of  nine  miles 
was  made  in  40  minut  s.  at  a  gross  average  speed  of  13^  miles  per 
hour.  After  each  double  trip,  the  steam-(  ar  was  at  rest  for  50 
minutes.  The  (juantity  of  roal  consumed  per  day,  as  ftiel.  amounin: 
to  600  lb':  per  (lay  ;  e(|ui\alent  to  7*4  lbs.  per  mile  nm.  The  tota) 
cost  for  nmning  81  miles  per  day  was  estimated  at  8 '31  dollars,  or 
34s.  7id.  per  day — at  the  rate  of  513  j)ence  ])er  mile  nm.  The 
engine  was  sold,  and  went  to  work  on  the  Onondaga  Valley  Road, 
Syracuse,  N.Y. 

Six  Ransom  steam  cars  were  placed  on  the  Market  Street  line, 
Philadelphia,  on  March  ity  1877,  to  work  on  the  Baring  Street 
branch,  on  which  the  maximum  inclines  are  at  the  rate  of  i  in  22, 
with  many  cur\'es.  Though  seated  for  20  passengers,  these  cars 
have  frequently  carried  50  passengers*  Some  difficulties  have  been 
encountered  in  running  the  cars,  which  appear  to  have  been 
scarcely  able  to  cope  with  the  gradients  and  curves  of  the  Raring 
Street  branch.  In  Mr.  Ransom's  opinion,  the  engine  should  have 
had  7-inch  cylinders  for  this  traffic.  Besides,  the  "  peculiar  greasy 
mud  **  of  the  city  causes  the  ordinary  chilled  cast-iron  driving- 
wheels  to  slip,  a  defect  which  Mr.  Ransom  proposed  to  remedy  by 
the  substitution  of  tyres  of  steel  for  the  driving-wheels.'* 

•  The  above  particulars  of  the  performances  of  the  Baldwin  steam 
car  and  the  Ran^oni  steam  car  are  drawn  from  the  reports  of  the 
Secretary  of  the  1  ranklin  InsJiluie  upon  "  Steam  on  Street  Rail- 
ways." published  in  The  journal  of  the  Franklin  Institute,  June 
and  July,  1877. 


CHAPTER  II. 


CURRMAT  PRACTICE  IN  7 HE  EMPLOYMENT  OF 

STEAM  POWER. 

Merryweatuer. 

Messrs.  Merrywsather  &  Sons  were  early  engaged  in  the 
design  and  manufacture  of  tramway-engines.  It  has  already  been 
noted  that  this  firm  constructed  the  machinery  for  the  first  steam*car 
made  for  tramways  in  England,  in  1872,  to  the  designs  of  Mr. 
Grantham.  They  secured  their  first  patent  for  tiamway*engines 
of  their  own  design  in  April,  1S75.  '^^^  engines  on  this 
system  constructed  by  them,  were  to  the  order  of  Mr.  G.  P. 
Harding,  for  working  the  line  of  tramways  in  aris,  4^  miles  long, 
between  the  Bastille  and  the  Mont  Pamasse  railway  station.  The 
first  of  these  was  started  about  the  month  of  November,  1875, 
in  January,  1878,  thirty-six  of  Messrs.  Merryweather's  engines 
were  rei;iilarly  at  work  on  that  line.  There  were  also  ten  of  their 
engines  on  the  line  from  the  Bastille  to  St.  Mande'.  Many 
improN  cmcnts,  naturally,  have  been  made  in  the  design  and  con- 
struction of  the  engines.  In  the  earliest  engines,  a  portion  of  the 
exhaust-steam  was  diseliarged  into  the  ash-jjan  and  passed  through 
the  fire,  tliat  11  might  be  sujierheated,  and,  mixing  wilh  the 
remaining  portion  discharged  direct  into  the  chimney,  reduce  the 
visibility  of  the  escaping  steam. 

In  their  later  designs,  Messrs.  Merry vveatiicr  disposed  of  the 
exhaust-steam  by  means  of  an  "  auto-absorbing  "  apparatus — a 
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simple  arrangement  in  which  the  steam  was  condensed  by  cold 
water. 

Messrs.  Menyweather  &  Sons  construct  three  classes  of  steam 
locomotives  for  tramways : — 

1 .  Cylinders,  6  inches  diameter ;  stroke,  9  inches ;  wheels^  2  feet. 
Weight,  empty,  3 J  tons  ;  in  working-  order,  .}  tons. 

2.  Cylinders,  7  inches  diameter  ;  stroke,  1 1  inches  ;  wheels,  2  feet- 
Weight,  empty,  5*4  tons  ;  in  working  order,  6  to  6^  tons- 

3.  Cylinders,  7^  inches  diameter;  stroke,  12  inches;  wheels,  2  feet. 
Weight,  empty,  6^  tons ;  in  working  order,  y\  to  8  tons. 

The  working  pressure  in  the  boiler  is  8  atmosphere^  or  nomi- 
nally  iso  lbs.  per  square  inch.  The  guaranteed  maximum  perfor- 
mances are  respectively  as  follows : — 

1 .  To  draw  i  loaded  car,  weighing  7  tons,  up  an  incline  of  i  in  30. 

2.  To  draw  i  loaded  car,  weighing  7  tons,  up  an  incline  of  i  in  18; 
or  2  loaded  cars,  weighing  14  tons,  up  an  incline  of  i  in  30. 

5.  To  draw  2  loaded  cars,  weighing  14  tons,  up  an  incline  of  1  to 
16 ;  or  3  loaded  cars,  weighing  21  tons,  up  an  incline  of  i  in  ao. 

Engines  of  the  third  class  have  taken  three  cars  up  an  incline  of 
I  in  18,  at  regular  k. 

The  tramway  locomotives  of  Messrs,  Merryweather  »Sl  Sods, 
worked  on  the  Southern  Tramways  of  Paris,  thirty-six  in  number, 
had,  as  already  mcntionccl.  two  cylinders,  6  inches  in  diameter, 
with  a  stroke  of  9  inches.  The  cylinders  are  horizontal,  in^ulc 
the  framing,  and  connected  to  cranks  on  the  driving^-axle.  There 
are  two  pairs  of  driving-wheels  of  cast  steel,  conpled,  2  feet  in 
diameter,  4  feet  7  inches  apart  between  centres  ot  axles.  The 
blasl-orifice  is  annular  in  fomi,  and  has  an  area  of  i  square 
inch,  l)eing  about  i-sSth  of  the  area  of  the  pistons.  The  length 
of  the  frame  is  about  8  feet,  and  the  width  is  6  feet  Over  the 
buffers,  wliich  are  central,  the  extreme  length  is  about  8  feet  10 
inches.  The  load  is  carried  by  a  pair  of  helical  springs  over  each 
journal.  The  bufiing  and  draw-s])rings,  of  india-rubber,  at  each 
end,  are  well  connected  to  the  frame,  the  attachment  having  been 
taken  as  near  to  the  centre  of  the  machine  as  was  convenientl/ 
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practi*  ible.  A  dose-laid  draw-pin  eases  the  traction  very  much, 
compared  with  a  distant  draw-pin.  The  engine  is  braked  by  cast- 
iron  blot  ks,  ap]>Hcd  one  to  each  wheel.  The  whole  machine  is 
enclosed  in  a  large  wooden  box,  made  like  a  short  tramway-car, 
having  several  windows.  The  fire-box  is  2  feet  wde,  and  i  foot 
6  inches  long.  The  barrel  of  the  boiler  is  2  feet  9  inches  long, 
and  2  feet  3  inches  in  diameter ;  it  contains  65  flue-tubes,  i|  inches 
in  diameter,  and  3  feet  long : — 

Si|uarn  feet. 

Ueatiag  surfiice  in  fire*box  ....  i6'o 
Do.       do.     tubes    ....  89*3 

Total  105*3 

Area  of  fire^jprate  3 

Ratio  of  grate  to  beating  surface,  i  to  35. 

The  pressure  m  the  boiler  is  nominally  8  atmospheres,  or  120 
lbs.  per  square  inch  ;  but  the  working  pressure  usually  maintained 
is  6  atmospheres,  or  90  lbs.  per  square  inch.    The  steam  is  cut  off 
in  the  cylinders  at  tVom  i-4th  to  3-4ths  of  the  stroke.  The 
length  of  the  journey  is  4  miles,  between  the  Bastille  and  the  Gare 
de  Mont  Parnasse,  on  which  the  maximum  incline  has  a  gradient 
of  1  in  50,  whilst  there  are  long  inclines  of  from  i  in  60  to  i  in  70. 
The  speed  is  limited  by  law  to  9  kilometres,  or  a  little  over  5^ 
miles  per  hour;  but  it  occasionally  rises  to  14  or  15  miles  per 
hour,  and  the  average  speed,  including  stoppages,  is  8}  miles  per 
hour.   The  weight  of  the  engine,  empty,  is      tons ;  with  coke 
and  water,  4  tons.   It  draws  a  car  which,  when  loaded,  weighs 
7  tons;  and  it  can  ascend  the  inclines  with  its  load,  and  keep 
time,  with  a  pressure  in  the  boiler  of  90  lbs.  per  square  inch.  The 
fuel  (coke)  consumed  per  day,  amounts  to  550  lbs.  far  a  total  dis- 
tance run  of  100  miles: — at  the  rale  of  5A  lbs.  per  mile.  The 
combustion  of  the  fuel  proceeds  at  a  comparatively  low  rate.  Sup- 
posing that  the  average  actual  speed  while  running  is  10  miles  per 
hour,  the  quantity  of  coke  consumed  per  hour  would  be  (10  x  5*5 
s)  55  lbs.,  equivalent  to  (55     3  =)  iSf  lbs.  per  square  foot  of 
grate.   In  the  ordinary  practice  of  locomotives  on  railways,  the 
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quantity  of  fuel  consumed  per  square  foot  of  grate  per  hour  amoanls 
to  three  or  four  times  as  much.  The  comparatively  low  rate  in  the 
Mcrryweather  engine  is  easily  accounted  for  by  the  comparativeljr 
low  speed,  and  the  reduced  blast  and  draught  which  are  required 
for  the  generation  of  steam.  It  is  true,  the  area  of  the  blast-orifice 
is  contracted  to  i>28th  of  that  of  the  pistons,  which  is  a  very  small 
fraction,  and  would  cause  great  back-pressure  on  the  pistons  if  the 
engine  travelled  at  a  high  speed.  But  it  is  to  be  observed  chat  the 
pistons  travel  at  a  comparatively  low  speed.  The  wheels.  2  feet 
in  diameter,  and  6*28  feet  in  circumference,  make  (5,280  6'28  =) 
84 1  turns  in  a  mile,  or  in  (60  -1-  10  =)  six  minutes  of  time,  when 
the  speed  is  ten  miles  per  hour.  The  number  of  turns  per  minute 
is,  then  (S41  6  140 ;  and,  as  the  double  Stroke  of  the  piston 
is  (9  X  2  =)  t8  inches,  or  1*5  feet,  the  speed  of  the  pistons  is 
only  (140  X  i"5  =)  210  feet  per  minute. 

The  engines,  more  recently  constructed,  for  the  tramway  from 
tKo  Bastille  to  St.  Mand^,  are  more  powerful  than  those  just 
dcsrrilicd.  They  have  7-inch  cylinders,  with  a  stroke  of  1 1  inches, 
aud  ^-feet  wl.cv  ls.  The  fire-box  is  2  feet  2  inches  bv  2  feel, 
luuin;  .m  area  of  4*33  square  feet  of  grate.  Tiie  fire-box  surface 
is  24*5  s(juare  feet;  there  are  79  llue-tubes.  i inrliejj  in  diameter 
outside,  and  3  feet  6  inches  long,  giving  1266  square  feet  of 
heating  surface.  The  total  he:uing  surface  is  151-1  square  feet, 
and  it  amounts  to  35  tiincs  ihe  area  of  grate.  The  diameter  of 
the  barrel  of  ilic  l">ihr  is  2  feet  6  inches;  the  length  of  the 
engine,  over  all,  is  6  feet  7  inches,  and  the  length  of  the  wheel- 
base  is  4  feet  6  inches. 

Addiuunal  engines  of  equal  power  have  been  constructed  f<«r 
other  lines  of  tramway  in  Paris. 

The  locomoUvcs  cunstnu'ted  for  the  tramway  from  liarcelona 
to  St.  Andres,  on  a  t  metre  gauge,  have  6-inch  cylinders,  with  a 
stroke  of  9  inches  and  four  2-feet  wheels,  coupled.  The  fire  grate 
has  3  square  feet  of  area.  The  barrel  of  the  boiler  is  27  inches  in 
iliameter  ;  and  there  are  96  flue-tulies,  inches  in  diameter,  and 
3  feet  in  length.  The  heating  s^urface  of  the  fire-box  i>  16  Mjuare 
feet,  of  the  tubes  102*7  square  feet,  total  surface  1187  square  feet. 
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A  tank  to  hold  a  supply  of  cold  water,  300  gallons,  for  c  ui.ilcnsinj^ 
the  btcam,  is  placed  overhead.  Tiie  exhaust-steam  is  d;.sc  barged 
from  the  cylinders  into  an  apparatus  like  an  Hector,  in  the  lower 
part  of  the  engine,  to  which  the  water  is  coiniiu  led  from  the  tank, 
where  it  meets  and  condenses  the  exhaust  steam,  and  whence  it 
returns  by  a  return-])ipe  lo  ihc  lank.  The^aU  r,  ot'coursu,  l)ccomes 
gradually  heated,  l)ut  the  condensation  of  the  steam  is  effective,  and 
there  is  no  aj)pearanee  of  escaping  steam  until  the  temperature  of 
the  water  arrives  near  the  boilmg  point.  Possessing  so  wide  a 
range  of  effective  action,  a  tankful  nf  c  old  water  lasts  good,  for 
(  ondcnsinp:;  the  exhaust-steam,  for  two  hours,  over  a  distance  of 
more  than  10  miles.  The  distance  to  be  run  before  the  water  can 
be  heated,  from,  say,  60*^  F.  to,  say,  180°  F.,  is  easily  determined. 

The  quantity  of  fuel  consumed  per  mile  is  5  lbs.,  evajjorating, 
say,  7  lbs.  of  water  per  lb.  of  fuel.  The  quantity  of  steam  generated 
per  mile  would  be  (5  X  7  =)  35  lbs.,  exhausted  at,  say,  a  pressure 
of  3  ibs.  per  square  inch.   The  total  heat  of  t  lb.  of  steam  of  ^ 
lbs.  effective  pressure  per  square  inch  is  1,117  units,  reckoned  from 
a  temperature  of  6a®  F.,  or  967  units,  reckoned  from  212°.  The 
mean  total  heat  per  pound  of  steam  to  be  extracted  by  condensa- 
tion is(iii7  +  967)  -}-  2  =)  1,042  units.    Each  pound  ofcon> 
densing  water  absorbs  (180  —  62  =)  118  units  of  heat,  when 
heated  from  62°  to  180"^ ;  and,  to  condense  i  lb.  of  st( -m,  the 
quantity  of  water  required  is  (1042  h-  118  =)  S'8  lbs.   The  total 
weight  of  water  in  the  tank  is  (300  gallons  X  10  =)  3,000  lbs. ; 
and  (3000     8*8  =)  341  Ibs.  of  steam,  is  the  total  quantity  that 
may  be  condensed  by  the  store  of  condensing  water.    As  35 
lbs.  of  steam  is  consumed  per  mile,  the  supply  of  condensing 
water  would  last  for  (341  h-  35  =r)  10  miles,  equivalent  to  30 
gallons  per  mile — a  result  of  calculation  which  agrees  with  the 
results  of  practice. 

For  occaidonal  use,  a  blast-pipe  is  adopted  for  exhausting  the 
steam  into  the  chimney ;  it  is  fitted  with  the  means  of  contracting 
the  area  of  the  orifice,  by  a  conical  plug  with  a  rack-and-pinion 
movement  A  steam-jet  is  also  available  at  will,  by  a  nozzle 
placed  concentrically  within  the  blast-pipe.   Two  truncated  cones 
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are  placed  one  al)o\  e  the  other,  over  the  blast-pipe  and  below  the 
chimney,  through  which  the  blast  is  direc  ted  upwards.  They  are 
useful  in  induciii  L;  the  draught  from  the  lower  rows  of  flue-tubes,  as 
well  as  from  the  upper  rows  ;  and  they  assist  the  absorption  of  the 
exhaust  steam  by  the  hot  air,  wherel-y,  except  in  very  cold  weather, 
it  issues  from  tiie  (  himney  invisible ;  so  far  dispensing  with  the 
use  of  the  water-conden>er. 

The  Barcelona  Tramway  was  opened  in  November,  1877. 
engines  each  take  two  loaded  cars  up  inclines  of  i  in  30.  The 
additional  engines  sui)j)lied  by  the  same  makers  have  cylinders 
7  inches  in  diameter,  of  the  same  power  as  the  later  engines 
constructed  for  the  Paris  Tramways.  They  weigh,  empty, 
l\  tons. 

The  engines  each  run  about  90  miles  per  day,  from  5  a.m.  tlil 
9  P.M.  Each  train  consisted  of  two  second-class  cars  and  one  hrst- 
class  car.  The  engine  stock  consists  of  five,  having  6-inch  cylin- 
ders, already  described  and  illustrated  ;  and  five  others  having 
7 -inch  cylinders  with  11  inches  of  stroke,  weighing,  empty,  about 
7  A  tons.  Don  Alejo  Soujal,  the  chief  director  of  the  line,  is 
aViout  to  construct  other  tramways,  which,  in  view  of  the  success 
of  the  Barcelona  line,  will  be  worked  by  steam  power. 

Merry  weather's  Latest  Condensing  Tramway  Locomotive. — This 
engine  is  constructed  for  a  gauge  of  4  feet  Z\  inches,  and  is 
fitted  with  two  7i-inch  cylinders  inside  the  longitudinal  frame- 
plates.  It  has  two  pairs  of  28-inch  wheels,  coupled,  on  a  base 
5  feet  long.  The  cylinders  are  inclined  to  clear  the  coupled  axlc^ 
and  theyaie  fitted  with  the  ordinary  shifting  link  motion,  with 
xeversing  gear  at  each  end  of  the  engine.  The  boiler  is  of  the 
locomotive  type,  of  mild  steel,  with  a  copper  fire-box  a  feet  3I 
inches  square,  and  85  brass  tubes  1}  inches  in  diameter  outside, 
4  feet  long.  The  heating  surface  is  181  square  feet.  The  work- 
ing pressure  is  150  lbs.  per  square  inch.  The  ash-pan  is  specially 
designed  to  prevent  the  dropping  of  cinders  or  the  showing  of  fire. 
It  can  be  easily  cleaned  out  when  required.  The  ash-pan  damper 
can  be  worked  from  either  end  of  the  engine.  The  wheels  are 
of  steely  fitted  with  rolled  steel  tyres  secured  by  screws.  The 
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exhaust  steam  is  condensed  in  an  air-condenser,  consisting  of  404 
thin  I -inch  copper  tubes,  laid  in  three  double  tiers,  5  feet  loinches 
loni^,  making  617  square  feet  of  condensing  surface,  transversely 
over  the  roof.  These  are  fastened  !)y  ferrules  at  each  end  to  longi- 
tudinal copper  passages  or  du<  ts,  into  which  the  exhaust  ^^tcrim  is 
discharged,  and  from  which  the  steam  is  free  to  pass  into  the 
transverse  tubes.  The  ducts  are  diviiled  by  internal  partitions  into 
sections  in  order  to  direct  the  flow  of  steam  alternately  from  one 
side  to  the  other. 

In  order  to  fulfil  the  conditions  laid  down  by  the  Rortri  of  Trade 
a  centrifugal  governor  is  employed,  driven  by  gearing  direct  from 
the  driving-axle,  by  the  action  of  which  the  throttle-valve  is  closed 
when  the  speed  exceeds  8  miles  per  hour.  Should  the  speed  in- 
crease, nevertheless,  a  small  steam-valve  opens  automatically  for 
steam  to  the  break-cylinders,  by  which  the  break  is  applied. 
When  the  speed  is  reduced  below  the  assigned  limit  the  break  is 
thrown  off.  The  steam  break  can  also  be  applied  by  the  driver's 
foot  on  a  treadle.  All  hand-gear  is  in  duplicate,  being  at  each 
end  of  the  foot-plate. 

The  engine,  empty,  weighs  about  8  tons,  and  with  water  and 
fuel  abotit  9  tonsi.  The  engine,  it  is  stated,  can  take,  in  ordinaiy 
workioig,  80  passengers  on  an  incline  of  x  in  aa 

Cassel,  Guernsey^  and  WeUingUm^  — ^The  engines  of  the 
Cassel  Tiamway,  opened  in  August,  1877,  were  supplied  by 
Messrs.  Merryweather  &  Sons.  They  were  constructed  with 
7^inch  cylinders,  having  la  inches  of  stroke.  They  draw  three 
loaded  cars  and  one  luggage  truck  over  the  road,  on  which  the 
mdines  ace  severe ;  some  of  them  equal  to  i  in  16. 

The  Guernsey  Steam  Tramway,  to  connect  the  town  of  Guern- 
sey with  the  town  and  harbour  of  St.  Peter  Fort,  and  St  Samp- 
son's, was  opened  in  1878.  It  is  about  3  miles  long,  constructed 
to  a  gauge  of  4  feet  8|  inches,  having  a  ruling  gradient  of  i  in  32, 
with  curves  of  which  the  qtiickest  is  of  50  feet  radius.  The  line 
is  worked  by  Merryweather  engines,  having  7-inch  cylinders. 
Each  engine  on  duty  runs  73  miles  daily ;  but  on  Saturdays  88 
miles.  The  train  consists  of  3  cars,  first  and  second  dass,  and 
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one  luggage  truck,  except  in  the  morning  and  evening,  when  one 
extra  car  is  attached  for  workmen. 

The  first  tramways  in  New  Zealand  were  opened  in  February, 
1378,  at  Wellington.  The  locomotives,  supplied  by  Messrs. 
Mcrr)'\veathcr  &:  Sons,  have  7-inch  cylinders,  with  an  ii-inch 
sirokc.   The  gauge  is  3  feet  6  inches. 


Merkyweather. — ^RouEif  Tramways. 

Of  the  Merryweather  tramway  engines  thai  were  at  work  on 
the  Southern  Tramways  of  Paris,  at  the  tunc  of  Mr.  Harding's 
contract,  in  1878,  10  engines  were  translated  to  the  Rouen 
Tramways,  the  engine-stock  of  which  lines  was  in  1881  as 
follows : — 


Englsas. 

Wheels. 

Weiirht 

1 

Inches  Incbes 

6,  Merryweather     Co.       .       ,  0x9 
4,  Merryweather  &  Co.       .       .  •  7x11 
6.  Fox,  Walker  <S:  Co.  .       .       .      8  x  12 
I,  Fox,  Walker  ti:  Co.  (6  wheels)      7  x  10 
6,  Compagnie  de  Fives-Lille      .  7x11 

Fctt. 
2 
2 

% 

Tons. 

% 

1 

6 

hi 

All  of  these  engines,  excepting  three  from  the  Fives-Lille 
Company,  bad  done  service  on  the  Southern  Tramways  of  Paris 
at  the  time  of  Mr.  Harding's  contract  There  were  17  engines 
on  the  working  list,  of  which  13  usually  were  in  working  order, 
and  4  under  repair. 

The  ruling  gradient  on  the  Kouen  Tramways  is  r  in  30,  at  one 
end  of  the  Ibe,  on  a  very  sharp  curve  at  the  commencement 
There  are  also  a  long  indine  averaging  i  in  40,  and  other  inclines. 
The  average  number  of  miles  run  per  day  per  engine  on  duty  is 
56  miles.  The  speed  is  fixed  at  5  miles  per  hour  within  the  town, 
a-.ul  o  miles  per  hour  outside.  Tl>is  speed  is  frctiucntly  exceeded, 
iiie  line  is  single,  with  passing  places,  and  lime  muat  be  kepL 
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The  working  pressure  varies  from  8  to  lo  atmospheres,  and  the 

engines  are  non-condensing.    The  running  expenses  for  loa>rao- 

tive-power  per  mile  run  (March,  iSSi),  were  as  follows: — 

Pcnr*. 

Coke,  5      kiloj^mmes,  or  1 1*8  lbs.  (y  2%\  francs  per  ton  1*53 

Oil,  '087  kilogramme,  or  -19  lb.  (<y  85  francs  pf^r  100  kili)s  .  '73 
Tallow.  -013  kilogramme,  or  '0286  lb.  %  100  francs  per  100 

kilos  'IS 

Waste,  water,  anti-corrosive  fluid,  trimmings,  «i»:c.    .      .  -16 


Stores  con'^uincd  for  depAt  and  rr«:*^rvc  engine?,  coke,  fire- 
wood for  lighting  up,  packmg,  trimmings,  (kc. 

Stores   

Wages  of  drivers  (5s.  per  day),  firemen  {3s.  4d.  per  day)^ 
night  cleaners,  and  fitters,  yard  men  and  foremen . 


Running  expenses  .... 
Repairs  of  engines,— wages  <i*68d.)  and  stores  (i'33d.) 

Total  working  cost,  per  mile  run 


J36 
2-91 

2*20 

5" 
3*01 


8-12 


Mr.  J.  Arthur  Wright,  the  Engineer  and  General  Manager  of 
the  Rouen  Tramways,  who  supplied  the  foregoing  statement  of 
cost,  explained  that  the  comparatively  large  item  for  repairs  of 

engines,  3  0 id.  per  mile  run,  may,  by  alterations  he  is  making  in 

some  of  the  engines, — stiffening  the  framing,  and  enlarging  the 
working  bearings,  &c. — be  eventually  reduced  to  from  lAd.  to  i^d. 

per  mile  run.  uhicli  is  about  what  the  best  of  the  Merryvveather 
engines  are  costing.  The  tola)  woikuig  cost  fur  cnL^iiic-jjo'.ver 
would  then  auiounl  to  from  6^(i.  to  yd.  per  mile  nin.  In  iGJo, 
the  cost  for  repairs  to  engines  varied  from  2-49d.  in  July,  to 
3-65d.  in  December. 

Although  the  average  mileage  run  by  engines  has  been  taken  at 
56  miles-run  per  day,  the  following  for  three  recent  months  give 
higher  averages : — 

Engine-  Per         Miles  Prren^na 

d.vs.  di.  n».  run.  p<'rtl.i>. 

February,  1 88 1  .  .  209  =  7-46  12.^16  61-32 
March  „  .  .  224  ■*  7*22  15.056  67*21 
April        „      .      .  267        8  96      15,565      57  85 
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The  coQsumptioQ  of  coke  by  engines,  at  the  same  time,  wjis  ;— 

February,  1 88 1  *  8i81bs.  =  13-35  lbs.  per  mile  nio. 

Marcb  .      .  785  „    -  1170  „ 

April        M  •  649  »»  i> 

For  regular  service,  there  are  8  engines  in  steam  011  week-da)"?, 
of  which  6  are  on  active  duty,  and  2  in  reserve  as  relief  engines. 
On  Sundays  and  holidays,  there  are  11  engines  in  stearn.  On 
week-days,  the  average  number  of  hours  on  duty  with  tra 
is  10  hours  S  minutes ;  ami  in  steam,  12  hours  40  minutes,  cm 
week-days,  one  car  ordinarily  is  run  as  a  train,  weighing  from 
2  tons  18  cwt.  to  3  tons  empty,  or,  with  46  j)assengers,  an  average 
of  6  tons  7  cwt  gross.  Twice  a  day,  two  cars  are  run  for  workmen's 
trains ;  and  on  Sundays  also:  makiog  a  load  of  12^  tons  gross, 
which  is  as  much  as  the  engines  can  do  on  the  heavier  inclines. 

Assumbg  that  the  general  average  weight  of  the  train  is 
7}  tons,  and  of  the  engine  with  fuel  and  water  6^  tons ;  the  gross 
average  weight  moved  would  be  14  tons  for  each  engine ;  and 
the  fuel,  11*8  lbs.  consumed  per  mile,  would  average  '85  lb.  per 
ton-gross  per  mile. 


M£RRYW£ATU£R. — DfiWSBURY,  BaTL£V,  AND  BlRSXAL  TrAMWAY. 

The  Dewsbury,  Batley,  and  Birstal  Tramway,  already  described, 
is  made  with  an  easy  falling  gradient  of  about  i  in  200,  fixHn 
Birstal  to  Dewsbury.  It  is  worked  with  Meiryweather  engmes^ 
condensing,  having  dj^-inch  cylinders,  with  a  lo-inch  stroke,  and 
four  coupled  wheels,  2  feet  2  inches  in  diameter. 

The  Batley  Engines  are  illustrated  by  Figs.  291  to  294.  The 
cylinders  are  placed  inside  the  framing,  and  are  joined  together 
at  the  middle,  where  they  form  the  valve-chest,  whilst  a  saddle  is 
placed  on  each  half,  for  the  purpose  of  supporting  the  boiler  at 
the  smoke-box.  The  guide-bars  are  of  steel,  the  crosshead  is  of 
cast  steel,  and  the  crosshead-slippers  are  of  cast  iron,  having 
large  wearing  surfaces.   The  guide-bars  are  supported  by  a  cross 
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plate,  which  they  considerably  overhang  in  the  direction  of  the 


Fig.  291.  Tramway  Locomotive,  by  Meiryweaiher  &  Son«,  for  the  Dcwsbur}-,  Batley, 
and  Bir&Ul  Tramways. — Lon^iudioal  Section.  Scale 

fire-box.    The  guides  for  the  valve-spindles  are  carried  by  the 
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same  plate.  The  link-motion  is  of  the  ordinary  shiftin  ;-link 
tvpc.  The  e\rentri(  s  and  hooj»s  are  of  east  iron.  The  coupling- 
rods  are  made  with  solid  ends,  having  phosphor-bronze  bu>hes. 
All  the  oil-cups  axe  forged  or  cast  solid  on  the  moving  parts. 


Fig.  292.   Mcirj'wcaihcr's  Engine.— Tianhvcrac  Sccdoa.    Scale  iV- 

The  wheels  and  axles  are  of  steel  the  crank-pins  in  the  wheels 

are  casehardened.  The  brake  is  applied  to  all  the  wheels.  The 
boiler  is  of  the  usual  locomotive  tj'pe,  of  Lowmoor  iron  throughout, 
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double-riveted  in  the  longitudinal  seam.  It  is  fed  by  a  feed-pump 
driven  by  a  special  excentric,  and  by  Giffard's  injector. 


Fig.  293.   Merrywcalher's  Engine. — Plan  above  fool-plate.    Scale  /j. 
The  whole  of  the  engine-work  has  been  made  of  unusual 

G  G 
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Strength,  in  order  to  provide  for  wear  and  tear  by  dirt,  dust,  and 
rough  usage. 
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smoke-box.  A  fender-plate  is  fixed  at  each  end  of  the  engine, 
to  rcnnove  obstructions,  and  to  obviate  any  chance  of  running 
over  any  person.  Pktus  are  also  run  along  each  side  to  conceal 
the  wheels  and  the  coupling-rods.  The  whole  of  the  work  is 
enclosed  in  a  cab  or  casing  of  sheet-iron  on  angle- iron  franung, 
I  a  feet  in  length,  6  feet  4  inches  in  width,  and  about  feet 
above  the  rails. 

The  condenser,  placed  above  the  roof,  consists  of  four  hori- 
zontal  layers,  slightly  arched,  of  thin  copper  tubes,  laid  trans- 
versely across  the  root  The  tubes  aze  i  inch  in  diameter  outside, 
No.  36  wire-gauge,  or      inch  in  thickness,  and  are  each  6  feet 
in  length.   There  are  60  tubes  in  each  layer,  or  940  tubes  in  the 
four  layers,  coated  with  brown  varnish  to  augment  their  radiating 
power.   They  are  brased  at  die  ends  into  3-inch  longitudinal 
pipes,  3  inches  in  diameter  outside,  four  on  each  side,  it  feet 
long.   The  exhaust-steam  is  dischaiged  by  two  copper  pipes,  one 
to  each  side,  into  the  uppermost  longitudinal  pipe,  whence  it 
circulates  through  the  transverse  tubes.   The  condensation-water 
and  the  remaining  vapour  are  conducted  into  a  separator-vessel 
at  the  front,  whence  the  water  runs  down  to  the  feed-water  tank, 
and  the  vapour  passes  away  into  the  smoke-box,  where  it  is  mixed 
with,  and  disappears  with  the  products  of  combustion.  So  efficient 
is  the  condenser  that  the  engine  can  be  worked  all  day  with  one 
charge  of  the  feed-water  tank.  This  tank  holds  only  100  gallons, 
and  the  quantity  consumed  as  uncondensed  steam  or  otherwise 
does  not  exceed  50  gallons  for  the  day. 

The  engine  is  fitted  with  ai)paratus  to  fulfil  the  rcij^UiremoiiU 
of  the  Hoard  of  Trade.  A  ball-governor  jjlaced  over  the  foot- 
plate at  one  side  is  provided  for  the  purpose  of  shutting  off  the 
steal u,  and  turning  on  a  steam-brake,  when  the  maximum  speed 
allowed — 10  miles  per  hour — is  reached.  The  steam-brake  may 
also  be  turned  on  by  means  of  a  small  pedal  {)laced  near  the  foot 
of  the  driver.  Steam-levers  and  reversing-levers  are  fitted  in 
duplicate,  one  of  each  at  each  end  of  the  engine,  so  that  the 
driver  may  take  his  place  at  the  leading  end  of  the  engine,  which- 
<^ver  end  goes  hrst    A  speed-indicator  is  also  erected.  The 
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governor  is  driven  by  means  of  a  pitch-diain  from  the  crank- 
shaft, and  Uie  speed-indicator  is  driven  by  a  band  from  the 
governor-spindle; 

The  fize-box  is  i  foot  lo  inches  long  by  2  feet  wide,  inside ; 
and  is  2  feet  inches  high  above  the  grate.  The  barrel  of  the 
boiler  is  a  feet  4  inches  in  diameter  inside.  There  are  64  flu^ 
tubes  1}  inches  in  diameter  outside,  and  5  feet  in  length.  The 
giate-area  is  3*8  square  feet,  and  the  heating-suriace  is  169*2  square 
feet,  or  44^  times  the  gmte^rea.  The  condensing  sur&ce  of  the 
condenser  amomits  to  377  square  feet  for  the  x-inch  tubes,  and 
69  square  feet  for  the  longitudinal  pipes ;  together,  446  square 
feet  of  condensmg  sur&ce. 

The  working  pressure  of  steam  in  the  boUer  is  140  lbs.  per 
square  inch.  There  are  two  safety-valves  on  the  boiler,  one  of 
which  is  a  lock-up  valve.  Steam  escaping  by  the  safety-valves  is 
conducted  to  the  exhaust-pipe,  and  thence  into  the  condenser. 
The  steam  is  supplied  to  the  cylinder  through  a  perforated  steam- 
pipe  at  the  upper  part  of  the  boiler.  The  cylinders  are,  before 
stated,  inches  1:1  (Hanieter,  with  a  stroke  ot  10  inches.  The 
wheels  arc  2  feet  2  uu  hes  in  diameter,  placed  at  4^  feet  centres. 
The  whole  of  the  machinery  is  encased  from  below.  The  weight 
of  the  engine,  empty,  is  6  tons;  and,  in  working  order,  with  water 
and  fuel,  7  tons.  The  price  of  the  engines  was  about  J^TS^  for 
each  engine,  or  at  the  rate  of  ^£125  per  ton  of  the  net  weight. 

•i_  Comnii  nt  (  d  Miles  run.  bv 

•"i^"**  running.  March  s>, 

No.  I  April  10,  J  880  151O00 

No.  2  Oct.  30    „  8,000 

No.  3  Dec.  7     M  6,000 

No.  4  Dec.  II  5.900 

No.  5  Jan.  I,  iSSi  4,800 

Total  miles  run   .      .  30.700 

The  weight  of  one  car  drawn  is  2  tons  4  c^t.  and  of  1 1  passen> 
gets — the  average  number — 16  cwt. :  together,  3  tons.  Add  the 
weight  of  the  engine  itself,  7  tons,  making  the  gross  load  drawn 
so  tons*.  Occasionally,  an  extra  car  is  attached,  and  it  is  taken 
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with  ease.  The  length  of  the  line  is  miles,  and  in  the  course 
of  the  journey  the  train,  passing  through  a  continuously  populated 
district,  is  pulled  up  from  15  to  25  times  each  way.  The  double- 
journey  of  6A  miles  is  performed  in  65  minutes,  including  all 
stoppages — making  an  averni.;e  <^:])ee(l  of  6  miles  per  hour. 

The  total  weight  of  coke — Straker  &  Son's — consumed  in 
running  the  mileage,  39,700  miles  run,  was  \2z\  tons,  costing 
23s.  6(1.  per  ton  ;  being  at  the  rate  of  6*911  lbs.  permile,  costing 
'Sy^d  per  mile  ;  or  69  lb.  per  ton-gross  per  mile. 

The  wages  of  drivers  is  5s.  per  day  ;  of  cleanerSy  28.  6d,  \  coke- 
and-water  men.  2s.  6d ;  mecbanicy  8&  4d, 

The  working  expenditure  per  day,  running  73  nules,  is  as 
follows  (March,  1881)  : — 

Coke  .       .       .       .       .       .       .  "     .  5  2f 

Water,  150  gallons,  including  water  for  washing  out  o  i\ 
Oil,  \\  pints      .       .       .       .       .       .       .  .06 

Waste,  ^  lb   o 

Driver's  wages   50 

Cleaner's  wages,  proportion   10 

Coke-and-waier  man's  wages^  do   06 

Mechanic's  wages,  do   16 

Total  expenditure  per  day      .      .  ij  ii| 

equivalent  to  2  •33d.  per  mile  run.  The  cost  for  repairs,  included 
in  the  above,  has  been  but  nominal,  for  the  time  the  engine  has 
been  at  work.  The  springs  have  given  a  little  trouble  by  breakage^ 
caused,  it  was  believed,  by  deficiency  of  strength  of  the  way,  which 
was  not  constrocted  for  engine-haulage. 

For  comparison  with  the  cost  above  given,  of  working  the 
traction  by  engine-power,  Mr.  Tniswell  gave  the  cost  for  horse- 
power, where  two  horses  are  harnessed  to  the  car,  for  which  ser- 
vice he  employs  a  stud  of  eight  horses.  For  provender,  water, 
Tver's  and  stableman's  wages,  proportion  of  wages  of  a  man  for 
chopping  and  mixing  provender,  shoeing,  harness,  and  veterinary 
novices,  the  cost  is  at  the  rate  of  4^d.  per  mile  run  by  the  car — 
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about  double  the  cost  for  engine-power,  Tbe  compoxison  is  neces- 
sarily imperfect. 


Merrywsatheil — Stoke-om-Trbht  and  District  Tramways. 

Two  engines  constructed  by  Messrs.  Merryweathcr  ^:  Sons  for 
the  servivc  of  the  Stoke-on-Trent  and  District  Tramways,  on  a 
gauge  of  4  feet,  are  arranged  similarly  to  the  Bat  ley  engines ;  but 
they  are  larger  in  dimensions,  and  are  fitted  with  an  ordinary 
water-condenser,  placed  in  the  roof  of  the  en£?ine-house  or  cab. 
The  engine,  Fig.  295,  has  yA-inch  cylinders,  with  a  stroke  of 
12  inches,  and  four  cou|)led  wheels  2  feel  4  inches  in  diameter,  at 
4J  feet  centres.  The  barrel  of  the  boiler  is  2  feet  6  inches  in 
diameter  inside  ;  the  fire-box  is  2  feet  2  in(  hes  scjuare,  and  2  feet 
7  inches  high  above  the  grate.  There  are  78  flue-tubes  inches 
in  diameter  outside,  anil  5  feet  long.  The  grate-area  is  4*8  square 
feet,  and  the  heating  surface  is  197 '3  .square  feet,  equal  to  41  times 
the  grate-area.  1  he  condensing  tank  holds  400  gallons.  The 
total  length  of  the  engine  is  13  feet,  and  the  width  is  6^  feet. 
The  weight,  empty,  is  7 A  tons ;  with  fuel  and  water,  loj  tons.  The 
exhaust  steam  is  delivered  from  the  exhaust-pipe,  at  a  level  above 
the  top  of  the  tank,  into  a  concentric  chamber,  whence  it  escapes 
through  an  injector,  or  inductor,  within  the  tank,  placed  horizon* 
tally  on  the  floor  of  the  tank.  A  continuous  circulatioo  of  the 
water  is  thereby  set  up,  and  all  the  water  is  brought  successi\  ely 
into  conta(;t  with  the  steam  to  condense  it.  At  the  summit  of  the 
cylindrical  exhaust-chamber  there  are  two  small  vacuum-valves, 
through  which  air  is  admitted,  destroying  any  degree  of  vacuum 
that  may  be  formed  in  the  chamber,  and  so  preventing  bftck>flow 
into  the  cylinders.  Overflow  from  the  tank  is  conducted  to  the 
feedwater-tanks,  in  front  and  below  the  foot-plate.  Steam  from 
the  safety-valves  is  conducted  into  the  smoke-box,  whence  it 
passes  off  with  the  gaseous  products  of  combustion*  The  price 
of  the  engines  was  about  ;£8oo  each. 

The  Stoke  line  has  severe  and  continuous  gradients,  some  of 
them  being  i  in  16,  others  z  in  18  and  i  in  20.   The  cars  weigh 
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from  3^  to  3  tons,  and  are  constructed  to  carry  48  passengers ; 


Fig.  295.   Tramway  Locomotive,  by  Menyweather  k  Sons,  for  the  btoke-oa-Trent 
and  District  Tramways.— Vertical  Scctkm.  Scale  • 

occasionally  from  80  to  100  passengers  are  carried  in  a  car.  The 
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engues  take  mth  ease  a  loaded  car,  weighing  with  passengets 
9  or  10  tons,  up  the  steqpest  mdines,  at  a  q>eed  of  from  4  to  5 
miles  per  hour.  The  two  Menyweather  engines  commenced 
operations  in  April,  188 1.  Additional  engines,  constructed  by 
the  same  firm,  were  employed  to  work  the  extension  to  Hanlcy 
and  Burslem,  having  lo-inch  cylinders,  with  a  stroke  of  15  inches. 
It  may  be  questioned  whether  there  is  to  be  found  in  England  any 
worse  combination  of  circumstances  than  those  which  have  to  be 
met  in  the  working  of  the  Stoke  line. 


HUGHBS. 

Mr.  Hcnr)-  Hughes  brought  ouucariy  in  1S76,  a  tramway  loco- 
motive. "The  result  of  my  experiments,"  he  said,  on  his  exa- 
mination as  a  witness  by  the  committee  on  Meclianical  Power  on 
Tramways,  "  is  that  I  have  produced  an  engine  of  the  onHnary 
locomotive  type,  which  can  be  worked  without  showing  any  ^teani, 
which  is  jjractically  noiseless,  and  in  wineli  we  can  keep  uj)  the 
steam  without  the  aid  of  a  blast ;  and  it  shows  no  smoke  because 
we  use  coke  as  a  fuel.  It  is  covered  in  similarly  to  an  onlin.uy 
car,  and  consequently  does  not  frighten  horses  more  than  ordinary 
cars  do."  These  are,  concisely  stated,  the  conditions  for  the 
success  of  mechnnical  power  on  tramways. 

The  means  for  condensing  the  exhaust-steam,  which  is  the 
novel  feature  of  this  engine,  was  patented  in  January,  1876.  Each 
blast  of  exhaust-steam  is,  by  an  automatic  action,  condensed  as  it 
issues  from  the  exhaust-pipe,  by  a  shower  of  cold  water,  let  off  in 
regulated  quantities  at  the  instant  of  the  exhaust.  The  exhaust- 
steam,  arriving  by  a  branch  from  the  exhaust-pipe,  blows  open  a 
valve  on  the  end  of  the  branch,  and  escapes  into  a  small  chamber 
— ^the  condenser.  By  the  same  impulse,  another  valve  in  the 
bottom  of  a  water-tank,  connected  with  the  exhaust-valve^  and 
moving  simultaneously  with  it,  is  opened,  and  discharges  water 
into  the  condenser.  The  exhaust-steam  is  condensed  by  the 
water,  a  partial  vacuum  is  formed  in  the  condenser,  and  the  water* 
valve  is  consequently  closed  by  the  external  pressure.  The  re- 
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suiting  mixture,  consisdng  of  hot  water,  is  discharged  at  a  tem- 
perature of  170*^  F.,  i&to  a  receiving  tank.  ^^  ithin  this  limit  of 
temperature,  there  Is  not  much  visible  vapour  disengaged  from  the 
discharged  water.  When  the  temperature  is  allowed  to  rise  above 
x8o^y  a  good  deal  of  insible  vapour  escapes.  The  supply  of  feed* 
water  for  the  boiler  is  drawn  from  this  tank,  and  the  remainder  of 
the  hot  water  is  ejected  during  the  journey,  or  at  the  end  of  the 
trip. 

It  is  stated  that,  on  a  level  line,  the  condensing  water  is 
consumed  at  the  rate  of  from  35  to  30  gallons  per  mile.  The  fire 
is  made  up  at  the  beginning  of  the  trip,  and  is  not  touched  during 
the  passage;  According  to  Mr.  Hughes,  a  fire  lasts  for  a  ten-mile 
run  without  requiring  fresh  stoking. 

The  first  public  trial  of  Mr.  Hughes's  tramway  locomotive  was 
made  on  the  Leicester  Tramways,  on  March  27, 1876.  A  run  of 
four  miles  was  made,  a  portion  of  which  was  on  an  ascending 
gradient  of  i  in  as.  The  engine  had  two  6-inch  cylinders,  having 
a  stroke  of  12  inches,  connected  direct  to  four  coupled  wheels, 
3  feet  in  diameter,  on  a  wheel-base  of  4  feet  The  boiler,  of  the 
locomotive  type,  had  120  square  feet  of  heating  surface.  The 
whole  of  the  boiler  and  the  machinery  was  enclosed  in  a  wooden 
structure  resembling  a  section  of  a  tramway-car ;  the  wheels  and 
side-rods  were  ^  oii<  ealed  by  sheet-iron  plates.  The  chimney  rose 
through  the  roof  of  the  car,  and  by  its  length  sufficed  for  tlfe 
natural  draught  required  to  keep  up  the  steam,  luch  was  mainlained 
at  a  pressure  of  about  120  lbs,  per  square  mch.  The  furnace  was 
supplied  with  a  sufficient  quantity  of  fuel  to  last  the  journey.  The 
quantity  of  condensing  water  carried  amounted  tu  30Q  gallons, 
which,  it  is  said,  would  suffice  for  a  trip  of  six  miles  on  ascending 
inclines,  in  cold  weather.  The  weight  of  the  steam-car,  in  working 
order,  was  about  5  tons. 

The  locomotive  was  coupled  to  a  one-horse  car,  oastructed  to 
carry  16  inside.  During  the  trial  it  carried  25  persons,  and  the 
total  weight  of  the  car,  with  its  load,  must  have  been  about  3^ 
tons,  m.aking  the  gross  weight  of  the  train  about  8^  tons.  The 
speed  was  generally  about  8  miles  per  hour,  and  one  or  two  steep 
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inclines  on  bridi^cs  were  steadily  surmounted,  at  a  lower  spee<^. 
During  the  whole  of  the  trip,  there  was  no  visible  escape  of  ste^m. 
exrept  on  one  occasion,  in  surmounting  a  steep  incline,  when  a 
little  steam  escaped,  which  quickly  disappeared.'-^ 

The  same  engine,  according  to  Mr.  Hughes,  was  used  on  the 
lieicester  line  every  day  for  some  weeks,  on  passenger  trafHc 
The  average  pace  was  six  miles  per  hour. 

Mr.  Hughes's  engines  have  also  been  at  work  experimentally  on 
the  tramways  at  £dinbuigh  and  at  Sheffield,  and  on  the  Vale  of 
Clyde  Tramways  at  Glasgow.  The  traffic  of  this  line  was  worked 
by  steam-power,  under  a  contract  made  with  Mr.  Hughes,  com- 
mencing July  21, 1877,  at  the  rate  of  5i^d.  per  mile  run.  The 
contract  expired  July  ai,  1880,  and  was  renewed  for  one  year,  at 
the  rate  of  6id.  per  mile  run. 


Hughes. — ^Waktagx  Tramway. 

On  the  Wantage  Tramway,  one  of  the  Huglics  engines  has 
been  working  for  some  years.  The  line,  which  has  already  been 
noti<  ed,  is  constRK  ted  like  an  ordinary  railway,  with  raised  rails 
on  longitudinal  sleepers.  The  engine  makes  eight  trips  eachvi-ay, 
—40  miles  a  day.  The  trip  is  performul  in  32  minutes,  or  at  the 
average  speed  of  9  4  miles  ])er  hour.  Two  cars  are  taken  by  the 
engine,  weighing,  with  their  load  of  passengers,  an  average  ol  6i 
tons.  The  engine  weighs  in  working  order  6^  tons,  and  the  gro>s 
weight  of  the  engine  and  train  amounts  to  (6f  +  6h  =)  13',  tons. 
The  fuel  (coke)  is  consumed  at  the  rate  of  about  307  lbs.  per  day, 
or  7 '67  lbs.  per  mile  run,  equivalent  to  '58  lbs.  of  coke  per  ton* 
gross  per  mile. 


Hughes.— Southern  Tramways  of  Paris. 

Twelve  of  the  Hughes  engines,  shown  in  longitudinal  sectioo^ 
Fig.  296,  similar  to  the  engines  on  the  Vale  of  Clyde  Tramway, 

•  I  he  particulars  of  this  trip  are  derived  from  2/ie  EnginetTi 
March  31,  1876,  page  232. 
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were  constructed  for  the  Bastillc-Charcnlon  line  of  the  Southern 
Tramways  of  Paris.  Tliey  are  on  four  wheels,  coupled,  2^  fett 
in  diameter.  The  cylinders  are  7  inches  in  diameter,  with  a 
stroke  of  12  inches.  The  boiler  is  of  Lowmoor  iron,  2  feet 
3J  inches  in  diameter  inside.  The  fire-box  is  of  copper,  i  foot 
xoj  inches  long,  2  feet  i  inch  \vide  at  the  grate,  and  2  feet  5  inches 
high  to  the  roof,  above  the  grate.  The  plates  are  f  inch  thick, 
except  at  the  tubes,  where  the  plate  is  \  inch  thick.  There  are 
62  bxass  tubes,  inches  in  diameter  outside,  and  5  feet  7  J  inches 
loqg»  with  a  clearance  of  f  inch  between  the  tubes.  The  grate- 
area  is  3*70  square  feet ;  the  total  heating 
surface  is  149^  square  feet.  The  workipg 
pressure  in  the  boiler  was  from  80  lbs.  to 
100  lbs.  per  square  inch.  The  exhaust- 
steam  is  condensed  in  a  lower  water-task 
by  water  from  the  upper  tank,  in  the  manner 
already  explained,  and  indicated  in  the 
Fig.  296,  and  in  detail,  Fig.  397.  The  piston- 
valve  in  the  front  lower  tank  is  opened  by 
a  rod  connected  with  the  regulator-handle, 
making  a  communication  between  die  tank 
Fig  297    Hughes'  condensing  chamber  between  two 

Tramway  Locomotive,  valves,  which  constitute  a  double-beat  vahe. 
-FeMiwatcr  heater.      jjjg  cxhaust-steam  from  the  pipe  bdow 

forces  open  the  valves,  and  escapes  into  the 
condensing  chamber,  and  is  met  and  condensed  by  cold  water 
from  the  pipe  leading  from  the  upper  tank.  The  water  is  thus 
heated  to  a  temperature  of  about  170**  F.,  and  is  collected  in  the 
lower  tanks,  whence  the  boiler  is  fed  by  means  of  a  pump  or  an 
injector. 

The  Bastille-Charenton  line  is  41  miles  in  length.  The  steepest 
gradients  on  the  line  are,  one  of  i  in  29  for  100  yards,  and  one 
of  I  in  20  for  the  same  length.  The  engines  weighecl  5^  tons 
empt}-,  and  7  A  tons  in  working  order.  The  regular  duty  was  to 
draw  one  car,  wciL;hini;  2*55  tons,  constructed  to  carr)-  46  pas- 
sengers.   Assuming  that  the  car  was  half  filled  with  passengers, 
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weighing  i*6  tons,  the  gross  weight  moved  amounted  to  11*65 
The  journey  of  4*1  miles  was  run  in  35  minutes,  being  at  the  rate 
of  7  miles  per  hour.  Four  engines  were  at  work  daily,  making 
each  about  67  miles  per  day.  The  fuel  (coke)  was  consumed  at 
the  rate  of  17  lbs.  per  mile  run  ;  equivalent  to  1*46  lbs,  per  ton 
gross  per  mile.   The  expenses  averaged  as  follows : — 


Per  mile, 
d. 

Coke,  17  lbs.  per  mile,  9  248.  2d.  per  ton      .    .  .  2-218 

Oil,  -43  lb.  „  1-840 

Tallow,  0^4  lb.     „         ......  -1^8 

Water,  40  galls.  for  feed  and  condensing,  4d. 

per  i|Ooo  galloiu     .      .  *i6o 


4-366 

Wages  of  drivers,  labourers,  cokemeo,  &c.      .      .  i'357 

Running  expenses    .......  6723 

Repain  2702 


Total  working  cost      .       .       .  9*425 


The  contract  payment  for  the  engine-service  was  at  t!ie  rate  of 
45  centimes  per  kilometre,  equivalent  to  6*9d.  per  milc  run,  for 
drawing  i  car.  For  2  cars,  the  payment  was  60  centmics,  or 
9"2d.  ])er  mile  run.  The  contract,  which  commenced  in  August, 
1879,  ^^'^^  brought  to  an  end  in  February,  1880;  when  the  work 
of  traction  was  resumed  by  means  of  horse  power.*  Although 
the  steam-haulage  was  conducted  at  a  loss,  the  immediate  cause 
of  the  termination  of  the  contract  was  the  breaking  down  of  the 
engines  by  lodgment  of  a  compound  of  grease  and  lime  on  the 
walls  of  the  fire-boxes, — the  grease  derived  from  the  condensed 
Steam  and  the  lime  &om  the  water — by  which  the  fire-boxes 
became  overheated  and  bulged  inwards,  and  the  flue-tubes  leaked 
and  broke. 

In  explanation  of  the  large  consumption  of  iiiel,  it  must  be 
stated  that  the  way  was  in  wretched  order.   It  was  too  weak, 

*  For  the  particulars  of  performance  of  the  Hughes  engine  the 
Author  is  indebted  to  Mr.  H.  Conradi. 
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having  a  mean  sort  of  rail  of  hollow  section,  without  streogth. 
The  wnvc-movement  of  the  rails,  in  advance  of  tlie  engine,  was 
bcyoiul  description.  The  tractional  resist.uice  may  ea'^ily  be 
conceived  to  have  been  double  what  it  would  have  be«iwitha 
good  way. 

The  condensing  apparatus  employed  in  the  engines,  it  may  be 
added,  was  uncertain  in  p.'  tior! — very  ti(  kle  ;  an<I  it  caused,  it  is 
believed,  a  considerable  degree  of  back>pressure  on  the  pistons. 


Hughes. — Bristol  Tramways. 

On  the  Bristol  Tramways,  seven  of  the  Hughes  engines  that 
worked  in  Paris  were  set  to  work  on  the  Hoffield  section,  which 
is  1*43  miles  in  length.  It  is  a  severe  line  to  work«  being  up-hill 
for  four-fifths  of  the  length  in  one  directbn — towards  Horficld; 
and  downhill  for  the  remaining  fifth.  The  prevailing  gradients 
are  from  i  in  24  to  i  in  68.  The  line  runs  through  a  vciy 
populous  district  The  work  was  done  under  a  contract  for 
12  months  made  with  the  Hughes  Engine  Company,  by  means  of 
four  engines  in  steam  daily.  During  the  week  1,717  miles  weie 
ran,  of  which  26z|^  miles  were  run  each  week>day,  averaging 
65^  miles  per  engine;  and  147}  miles  on  Sunday. 

In  these  engines,  the  steam  was  not  condensed.  The  weight 
was  taken  at  7  tons  each  in  working  order.  One  car  only  was 
allowed  to  be  hauled  by  an  engine ;  the  car  weighing,  with  pas* 
sengers,  4  tons.  The  gross  weight  of  engine  and  car  was  thus 
II  tons.  The  fuel  (coke)  consumed  was  laj^  tons  per  week,  or  at 
the  rate  of  16*31  lbs.  per  mile  run,  or  i'48  lbs.  per  ton-gross  per 
mile.  Here  again  the  Hughes  engines  work  at  a  disadvantage, 
since,  besides  working  up  steep  gradients  in  one  direction,  they 
were  braked  for  most  of  the  way  back,  and,  to  the  extent  of 
brakeage  necessary,  lost  the  advantage  of  the  aid  of  graxntation. 
The  contract  price  paid  by  the  Tramway  Company  for  steam- 
haulage  was  7d.  per  car -mile  lun. 
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Hughes. — Lille  Tramways. 

r^li  .  Hughes  designed  a  more  powerful  class  of  locomotives  for 
working  on  the  Lille  Tramways.    In  general  arrangement,  they 
re-^enibled  the  engines  employed  at  Paris,  already  described.  The 
cylinders  were  9  inches  in  diameter,  with  a  stroke  of  13  inches  ; 
the  four  coupled  wheels  were  3^  feet  in  diameter.    The  barrel  of 
the  boiler  was  3  feet  4^  inches  m  diameter.    There  were  62  brass 
flue- tubes       inches  in  diameter,  5  feet  8i  inches  long.  The 
fire-box,  of  copper,  was  2  feet  j\  inches  in  length,  and  i  foot 
1 1 inches  wide,  at  the  bottom  ;  and  was  2  feet  7  inches  high 
above  the  grate.    The  area  of  grate  was  3 "82  square  feet ;  and 
the  heating  surface  was  162^  square  feet.     The  exhaust-steam 
was  passed  through  a  feedwater-heater,  consisting  of  a  number  of 
brass  tubes  in  a  cast-iron  box,  and  thence  into  the  saddle  water- 
tank,  in  which  it  was  delivered  over  the  surface  of  the  water,  or 
through  branching  pipes  which  descended  into  the  water.  The 
Steam  was  discharged  under  water,  in  town ;  and  above  water,  in 
the  country.    The  tank  held  400  gallons  of  water,  which  was 
heated  by  the  exhaust-steam  up  to  the  boiling-point,  in  the  course 
of  the  trip.    For  three-fourths  of  the  trip,  the  condensation  was 
efficiently  effected ;  but  for  the  remaining  fourth,  it  was  ineflfecdve. 
The  water  was  changed  for  each  trip.    The  pressure  in  the  boiler 
was  firom  80  lbs.  to  too  lbs.  per  square  inch.   The  engine  weighed, 
empty,  7}  tons ;  and,  in  working  order,  with  itiel  and  water, 
10  tons. 

The  LiUe-Haubourdtn  line  is  a  level  line^  5'i33  miles  in 
length.  The  Lille-Roubaix  line  is  a  line  of  many  inclines, 
of  which  die  steepest  is  i  in  la.  It  is  6*78  miles  in  length.  The 
lines  are  both  single  lines,  with  passing  places.  The  way  is 
constnicted  with  double  rails  bolted  to  chairs,  screwed  down 
to  cross  steepen.  Steam-service  was  commenced  on  the  Hau- 
bourdin  line  April  6, 1880;  and  on  the  Roubaix  line  Ju^  i| 
1880.  Payments  were  made  to  the  contractors  (Hughes'  Engine 
Company)  at  the  same  rates  as  were  paid  to  them  in  Paris; 
namely,  6'9d.  per  mile-run  with  one  car;  and  9*2d  per  mile-run 


464  MECBANICAL  POWER  ON  TRAMWAYS, 


with  2  cars.  This  contract  lasted  only  four  months ;  after  irbidi 
the  engines  were  hired  for  one  year  commencing  November  i, 
1880. 

The  averaged  results  of  the  pecformance  of  engines,  on  the 
Haubourdin  line,  equivalent  to  the  work  of  one  engine  for  103 
days,  running  3,817  miles,  or  at  the  rate  of  37  miles  per  daj, 
were  as  follows.  The  usual  load  on  week-days  was  one  car,  with 
an  extra  car  between  liUe  and  the  depot,  a  distance  of  about 
3  miles ;  on  Sundays  and  holidays  3  cars  were  taken.  It  may  be 
assumed  that  the  train  averaged  i|  loaded  cars : — 


Coke 

Oil  . 
Tallow 
Feed  water 
Condeosing  water 


\^\  lbs.  per  mile*run,  cost 

•329  lb.      „  „ 
•0362  lb.  „ 
\2\  gallons  „ 
7a 


I  driver  %  6  francs  per  day ) 
1  stoker  „  4      „      ,»  J 


d. 
2*350 

1*410 

•156 

•051 
•248 

4' "5 

2-570 


Running  expenses 


.  6*685 


Repairs:— Ordinary  ......  2*455 

Extraordinaiy,  for  accidents  '437 


Total 


2 '892 


Working  charges :  running  and  repair  expenses  9*577 


From  this  statement  it  appears  that,  in  round  numbers,  the 
running  charges  amounted  to  6j^.  per  mile*run»  and  the  cost  foe 
repair  to  3d.  per  mile-run ;  together  gjd.  per  mile-run.  The 
engines  were  worked  at  a  disad^  antage.  They  took  their  tonus 
between  horse-cars,  and  were  thus  limited  to  low  speeds,  with 
many  stoppages,  making  the  trip  of  5*13  miles  in  55  minuteSy—st 
an  average  speed  of  5*60  miles  per  hour.  They  were  also  com* 
pelled  to  remain  from  20  to  35  minutes  at  one  terminus^  and  from 
8  to  10  minutes  at  the  other. 
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The  evaporation  of  water  was  at  the  rate  of  7*18  lbs.  per  lb. 
of  coke,  from  a  tempetature  averaging  probably  140°  F. 

Assume  the  average  load  of  cars,  before  stated,  weighing 
2*4  tons  per  car,  with,  say,  45  passengers,  weighing  3  tons,  making 
together  6*6  tons ;  and  with  die  engine,  10  tons,  a  gross  weight 
of,  say,  itk  tons,  the  consumption  of  fuel  was,  for  this  gross 
weight,  at  the  rate  of  I'oy  lbs.  per  ton-gross  per  mile-run. 

Mr.  H.  Conradi  tested  the  consumption  of  feed-water  by  the 
engines  on  the  Haubourdin  line,  for  the  double  trip,  to  and  fro, 
on  four  occasions.  First  with  i  car,  twice  with  2  cars,  and  once 
with  3  cars. 


1880. 

i 

d 

e 

B 

^  0 

f  2 

s  § 

a  n 

H 

li 

'Z 

0 

bi 

a 

>2 

»"  0 
S  » 

> 

< 

f 

i 

U 

"  u 
^  1 

1.  A 1  ay  5,  \S'i:»  Jy  j  ml  D u»ty 

2.  May  16   d».  do. 
J.  May  2j  do.  do. 

4.  Jaao  s6  .     .     .  | 

car  tons 
t  54 

^  ^  , 

iron  iirui 

IS'* 

) 

miles 
io'4C 
9-rf 
9"i^ 

9*23 

minr. 

90 
90 

90 
46 

6-9 

6*13 

6  la 
la'o 

11 '45 

11 

16-87 
i7'»o 
19*28 

6-8 
8-35 

7-43 
8*34 

t'lC 

rcc 

3 

In  the  rst,  2nd,  and  3rd  double-trips,  there  were  the  usual 
frequent  stoj)pa[^cs  for  passengers.  The  4th  tnnl  was  made  speci- 
fically to  test  the  capacity  of  the  engine  to  draw  at  least  2  cars 
up  the  steepest  incline  on  the  line,  at  Croix,  a  gradient  of  i  in  20. 
It  shows  that  the  engine  was  capable  of  taking  up  this  incline 
times  its  own  weight;  and  the  relatively  low  consumption  of 
water  per  mile-run  shows  most  remarkably  how  wasteful  -jf  engine- 
power  are  the  frequent  stoppages  incidental  to  the  regular  trafhc 
as  exemplified  in  the  1st,  2nd  and  3rd  trials.  The  consumption 
of  fuel,  which  was  not  actually  noted  for  the  4th  trial,  did  not 
probably  exceed  i  lb.  of  coke  per  ton-gross  per  roile-nm. 

H  H 
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On  the  IJlle-Roubaix  line,  the  quantities  and  cost  for  wotkiDg 
the  engine-power  were  as  follows : — 

a. 

Coke  .  20*625  Ihs.  per  mile'run,  cost  2700 

Oil  .  ,  .  .  '292  lb.  .«  voco 
Tallow  .  .  .  •0281b.  -120 
Water,  feed      .  '7'74  galls.      „  ..  070 

Water, condensing;   .   SS'io    „  -350 

4-240 

Drivers,  stokers,  cokemen,  pointsmen,  &c.  .  2'Soo 


Running  charges  7*040 

Repairs  :—Ordioaiy  .  .*  •  2*175 

Extraordinaty  (Accidents)  ^250 

^•4>5 

Working  charges Running  and  repair  .  .  9-465 

The  line  was  generally  in  \try  bad  order.  On  soft  ground,  the 
slcc])ers  were  not  properly  squared  for  the  chairs.  The  wheels  of 
the  ciipiuL'^  jammed  between  the  rails  and  counter-rails.  Waves 
were  raised  iu  ilic  \va\'  in  advance  of  the  engines.  The  distance, 
678  miles,  was  tiavci^cd  in  .\i  minutes,  comi)rising  frequent  stop- 
j)ages  for  })assengers  in  Tilk  and  Kuubaix,  ami  at  seven  inter- 
mediate stations.  Tlic  average  speed  was  iciy  miles  per  hour: 
and  the  maximum  speed  fic<iucnlly  rose  to  from  17  to  iS  miles 
I>er  hour.  The  time  allowed  was  Co  minutes  for  the  trip,  making 
ii  sjK'ed  of  6^'  miles  per  hour. 

Since  the  engines  were  hired  to  the  tramway  company,  the 
exhaust-steam  was  not  condensed,  Imt  was  discharged  direct  into 
the  chimney.  The  traction  company  from  whom  tlie  engines 
were  hired  j^aid  for  them  from  ^^650  to  ^700  eacli. 

The  locomoli\es,  six  in  number,  weighed,  em]>?v.  4^  tons;  with 
fuel  and  water,  6  tons.  They  worked  up  to  a  jjressure  in  the 
boiler  of  150  lbs.  jter  square  inch;  but  the  average  pressure  was 
from  100  lbs.  to  120  Ib.s 
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Falcon  Engine  and  Car  Works. 

This  company  niaiitifacture  tramway  steam  locomotives  of  three 
sizes,  having  respectively  y-inch,  8-inch,  and  9-inch  cylinders, 
with  four-coupled  wheels  for  the  S-inch  engine.  The  leading 
data  are  as  follows : — 


1    ■  •  ^  aiw^  ^  4"       M         •          aril  ■%  ^4  1* 

jjiainecer  oi  cyiinaers 

* 

y  luS. 

8  ins. 

9  ins. 

sEFOKc  OI  oino  » 

M  » 

14 

» 

M  « 

Lnaineicr  oi  wnceis  • 

30i 

3oi» 

4i  ft. 

4i 

ft. 

5  ft. 

Working  pressure  in  the 

175  lbs. 

175 

lbs. 

175  lbs. 

Heating  surface        .       .  i 

28-5  sq.  ft. 

154  sq.  ft. 

17.U  ^>q-  ft' 

Area  of  firegrate 

40  ». 

59 

»> 

Ratio  of  grate  to  surface  . 

Extreme  length . 

32-1  ft. 

26' I 

fi. 

257  ft. 

Extreme  breadth 

>» 

Extreme  hciirht  above  level 

of  rails,  wicli  condenser  . 

10  ft.  8  ins. 

10  ft 

.  8  ins. 

20  ft.  8  ins. 

Ditto,  witiitiut  condenser  . 

9  V  4  »» 

0  , 

•  j» 

0  „  4  »» 

Wei.t^Iit,     with  )  empty 

7I  tons. 

ons. 

tons. 

condenser    .  (  loaded  . 

8.1  „ 

i» 

10  „ 

Weight,  without  |  empty  . 

»» 

8  „ 

condenser    .  \  loaded  . 

8 

9 

)f 

9*  » 

Tractive  force  . 

2,249  lbs. 

2,938  lbs.  3,718  lbs. 

Efifoctive  load,  exclusive  of 

Level.  67 

tons. 

89  tons.    114  tons. 

engine,  drawn  at  a  speed  \ 

I  in  50  22 

j» 

30  .» 

40  ». 

of  10  miles  per  hour,  up  4 
an  incline  of  . 

I  in  30  13 

»• 

25  .» 

I  iu  20  8 

»» 

4^  Jf 

16 

The  8-inch  engine  was  one  oi  a  number  of  engines  of  the 
same  class,  constructed  for  the  Burnley  tramways  at  the  Falcon 
Works,  from  the  designs  of  Mr.  Norman  Scott  Russell,  the 
general  manager  of  the  works.  It  has  a  locomotive  boiler;  the 
cylinders  are  inside  the  frame>plates,  with  a  cranked  axle.  The 
tractive  force,  2,938  lbs.,  is  at  the  rate  of  29*9  lbs.  per  pound  of 
effective  pressure  per  square  inch  in  the  cylinders.  The  working 
gear  is  shut  in  from  below  Ij>  iron  sheeting  with  suitable  doors, 

H  B  2 
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excepting  only  the  coupling  rods.  The  hom-blodcs  have  speciat 
wood  shields. 

The  air-condenser  is  composed  of  250  very  thin  copper  tubes 
fixed  in  thin  brass  chambers.  Any  steam  remaining  uncondensed, 
as  may  happen  in  warm  or  in  damp  weather,  passes  to  a  water-tmk 
at  tile  iVont  end  of  the  engine.  Under  ordinaiy  conditions  ti  c 
residuary  steam  is  pvisicd  through  a  rliange-valve  into  the  smoke- 
box,  where  it  is  superheated,  and  becomes  invisible  on  passing 
from  the  chimney. 

Special  consideration  has  been  bestowed  upon  the  break 
power.  The  speed-regulating  governor  is  driven  by  an  inde- 
])endent  wlicel,  running  on  the  rails  and  kept  down  by  springs. 
The  wheel  of  the  governor  is  on  the  same  shalt.  The  governor 
works  the  sj)ee<l  indicator  by  means  of  levers,  and  when  the 
speed  of  the  engine  reaches  10  miles  ])cr  hour  a  small  valve  is 
lifted,  and  admits  steam  from  the  boiler  to  the  car  l)reak  and 
engine-break,  and  to  a  small  cylinder  on  the  top  ol  the  boiler, 
by  which  the  regulator  is  closed.  This  apparatus  automati- 
cally limits  the  speed  on  dest  ending  inrlincs  to  10  miles  per 
hour.  There  is,  in  addition,  a  hand  break-valve,  by  which  steam 
may  be  admitted  at  any  constant  pressure  to  both  break-cylinders, 
and  there  is  a  foot-break,  by  means  of  which  all  the  wheels  can  be 
locked.  The  steepest  gradients  are  1  in  17  and  i  in  20.  The 
engines  usually  take  one  46-passenger  car.  They  have  taken 
experimentally  two  cars  with  73  passengws,  easily.  The  con- 
sumption of  fuel,  coke,  is  stated  to  be  at  the  rate  of  from  8^  lbs. 
to  9  lbs.  per  mile-run. 


KlTSON  &  Co. 

The  cylinders  in  this  engine.  Fig.  298,  are  placed  outside  the 
longitudinal  frame-plates,  and  as  high  as  possible  above  mud  and 
dust,  protected  by  suitable  casings.  The  engine  is  on  four  wheels, 
coupled.  Kitson's  patent  valve-gear  is,  with  the  same  object, 
employed.    It  is  a  modification  of  Walschaert's  valve-gear.  The 
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ends  of  a  floating  lever  are  linked  to  the  crosshead,  the  valve 
spindle,  and  intermediately  at  a  point  near  the  valve-spindle ; 


movement  through  an  arm  linked  to  the  coupling  rod.  The 
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motion  of  the  valve  and  its  spindle  is  a  compound  of  two  move- 
liiLiits  •  one  a  movement  directly  the  inverse  of  thai  of  the  piston, 
on  a  reduced  scale,  for  the  lead  ;  the  other  a  reduced  duplicate  of 
the  vertical  niovement  of  the  coupling  rod,  to  open  the  ]>ort  for 
steam.  The  boiler  is  of  the  locomotive  type.  The  exhaust  ->team 
is  condensed  to  the  extent  of  tvvo-thiuls  in  a  tube-condenser  over- 
head, and  one-third  is  discharged  into  the  chimney,  or  is  con- 
densed by  means  of  a  water  tank.  The  engine  is  provided  uiili 
a  speed  indiaitor  and  an  automatic  break.  The  engines, 
employed  on  the  Central  Tramways  line,  Birmingham,  wei:j;]i,  with 
water  and  fuel,  from  9  tons  to  10  tons.  Thcy  can  draw  a  large 
car  holding  60  passengers. 

Messrs.  Kitson  &  Co.  construct  four  standard  classes  of  foui- 
coupled  tramway  locomotives,  as  follows : — 


Cylinders,  diameter 
and  stroke  . 

Wheels,  diameter  . 

Water- tank,  capa- 
city for  water  ^  * 

Weight  of  engine, 
empty . 

Weight  with  water 


No.  of  Engine. 


No.  1. 


and  fuel 
Net  load,  exclusive 
of  engioe  wcig^ht, 
that  can  be  talcen 
up  an  incline  of  i 
in  25.  at  a  speed 
of  6  miles  per  hour  ^  ij 


7^  X  12  ins 
2  ft.41  ios. 

80  galls. 

6^  tons 

1\  » 


No.  a. 


No.  3. 


No.  4. 


8J  X  12  ins. '9  X  15  ins.  1 1^  X  15  ins. 
2  ft.  4^  ins.  2  ft.  10  ins.  2  ft.  9  ins 


80  galls. 

74  tons 


16 


150  galls. 

8  tons 


250  galls. 

13^  tons 

i5i 


19 


44 


The  cost  for  working,  repairs,  and  maintenance  of  Messrs. 
Kitson  &  Co.'s  engines  on  two  lines  of  tramways,  is  summaiised 
in  the  following  statements : — 
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Birmingham  and  Aston  Tramways  :— Ruling  Gradient, 

X  IN  17. 


Miles 


Pdt  nile  run  hj  eafinei. 


6  months  ending  ' 

June  30,  1883  .  61,170  i"44 
1 2  months  endiog 

June  30,         .  1761528  |r4I 

1 1  moaihb  eliding 


3 
'A 

1 


d. 

d.  1 

1-50 

•09 

•76 

•06 

1 

c 

1 

%> 
3( 


B 
9 


u  S 
p.-  u 

O 


d. 


d. 


d. 


•35    •243-66  1-27  4-93 

•081  •803-28'  i'49  '477 

:  ! 

•25  ri2  3-63 1  ri2  474 


29  monthsendini?  I       '       i  ' 

May  31,  1885  .  43W^|r4^j  "92  j  '091  '^^j  •863-491  ^'29  ,478 


Dudley  and  Stourbridge  Steam  Tramways  :— 
Ruling  Gradient,  i  in  15. 


Fer  mile  run  by  cng^aci. 


rno. 


i 


_•  I 
s,  > 


9 


■.1  c 


.1 


6  months  ending 
Nov.  30,  1 884  . 
,  6  montho  ending 
f  May  31,  1885  . 

'  12  months  ending 
May  31, 1885  . 


■  d.  j  d.  I  d«  I  d,  I  d.  I  il.  I  J. 

57,776  2-o6 '1-95  -21'  -17  •39  4  ;»i»-39 
6?,i28  2-14  rn-    '21    -39   -70  5-39(  1-22 


I 


16-17 
6-6i 


119,904,2*10  1-95  j  -21    29  ss'S'io 


i"30  6-40 


Wilkinson. 

The  worni-gearcd  condensing  tnunu  ay  locomotive  oi"  Mr.  W. 
Wilkinson  combines  a  few  original  elements.    Acting  on  the 
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results  of  Mr.  Dewnince*s  experiments  on  the  evapoiatne 
activity  of  diflcrent  parts  of  a  locomotive  boiler,  Mr.  Wil- 
kinson designed  a  short  locomotive  boiler,  having  flue  tubes 
only  12  inches  in  length.  His  object  was  to  maintain  the 
water  level  in  the  boiler  practically  constant  whether  on  lerd 
ground  or  on  stci  j*  incline  such  as  i  in  ii.  The  tubes  are  not 
straiirlit,  but  of  an  (>ucc  form,  in  order  to  yield  to  expansion  uithoot 
the  liability  to  bicakaL;c.  The  steam  is  exhausted  into  a  condenser 
fitted  with  tul)c>  aiso  of  o>,'oe  form  presenting  l^ctween  200  and 
300  square  feet  of  condcnsin;^  surface.  The  stcaia  surrounds  the 
tubes,  and  tlie  air  for  cooling  them  is  drawn  through  them  into 
the  ash  pa!i  t'>  si'i>port  combustion.  The  steam  that  i\  :;;3ms 
uncondcn:-i.<l  jms^cs  into  a  superlieater  in  the  sjiiokc-lux—a 
lect  u\L:ii!ar  box  fixed  a.:ainst  the  tube  plate,  traversed  by  tubes 
Loiiici  'ciit  widi  th(>se  of  the  boiler,  through  which  the  burnt 
gases  llow  inti)  the  -^m oke  box. 

Wliile  rui^ning  on  a  level  line,  wltli  a  heavy  load,  in  or  nearly 
in  mid-L^i.ar,  il,(.Te  i>  st  jk  cly  sudiclent  steam  left  uncondensed  to 
caii>e  il,e  necessary  draiii^  t,  and  in  such  a  case  the  dratight  is 
s]iarj>r;iLd  by  rcdu(  iii^  tlie  blast  orifice,  in  applying  a  thimble  to 
thetoj)  of  the  1*1. ist  which  is  done  by  hand  with  a  lever. 

In  li  e  fire  b  v;  a  number  of  J?'ield  tubes  are  fixed  to  the  roof 
betwcrn  tiir  roof-stavs. 

The  ])  'w  cr  of  il  c  engine  is  transmitted  through  worm-gear  to 
the  dil\  iijg  a\'e.  The  worm  is  double-threaded,  aivl  one  turn  of 
the  axle  is  nuit'.e  for  7  .^  turns  of  the  worm.  The  diameters  of  the 
worm  and  the  wliccl  are  equal,  or  nearly  so — about  12  indies  ia 
diameter ;  and  the  ol>liquity  of  the  worm -thread  is  so  considerable 
that,  on  a  falling  ;  i  lieutof  i  in  70,  the  worm  is  i)ropclled  by  the 
force  of  gravity.  Tl  l  worm  is  of  Siemens  steel,  and  the  toothed 
wheel  runs  in  an  oil  bath,  providing  constant  lubrication.  The 
carrjing  wliccis  are  3  feet  2  inches  in  diameter.  There  an  two 
cylinders  working  to  a  longitudinal  crank-axle.  It  is  stated  that 
the  engine  c  an  draw  a  loaded  car,  weighing  3  tons,  full  of  passeu- 
gers,  on  a  levd  or  nearly  level  road,  with  the  valves  in  mid  gear; 
the  steam  being  cut  off  at  9  per  cent,  of  the  stroke.   At  the 
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regulation  speed  ot  8  miles  per  hour,  the  speed  of  the  pistons  is 
436  feet  per  minute.  Tlie  engine  liU^  been  worked  at  a  speed  of 
16  miles  per  hour.  The  machinery  is  rompartly  placed,  and  the 
cyliiuU  v.s,  guide  bars,  valve  gear,  foumlation  plate,  worm,  and 
plunimcr-Mocks  can  be  removed  for  repair  by  undoing  six  bolts, 
and  a  duplicate  substituted. 


Geoghegan. 

The  tramway  system  of  Guiimess's  Brewery  has  already  been 
noiiced,  I'-i-e  290.    Tiie  roiling  stock  conijiriset?,  in  18S8,  nine 
locomotives  and  177  \vac,^'j:ons,    Tlie  first  engine,  Fiu.  290.  weiu'li- 
mg  about  two  tons,  is  suitable  only  for  light  work,  and  the  gearing 
being  so  close  to  the  ground,  is  difficult  to  keep  in  order  when 
•working  full  time.    Geared  engines,  Fig.  300,  were  obtained, 
weighing  about  5  tons.    They  were  found  very  useful,  but  for 
want  of  bearing  springs,  they  were  slow  in  speed,  costly  in  repairs, 
and  hard  on  the  road.   They  were  also  troublesome  in  starting. 
The  next  class  of  engine,  Fig.  301,  weighing  6  tons,  having  outside 
cylinders,  circular  ends  for  footplates,  and  water  tanks  for  con- 
densing the  exhaust-steam,  proved  better  adapted  to  the  traffic. 
The  motion  being  all  outside,  was  readily  accessible ;  but,  being  so 
near  the  ground,  it  got  very  dirty,  and  the  wear  necessitated  very 
frequent  adjustment   Case-hardened  eccentrics  and  straps  made 
an  improvement. 

To  combine  the  best  points  of  these  three  classes  of  engines, 
and  obviate  their  defects,  Mr.  Geoghegan  designed  the  locomotive 
shown  in  Fig.  302.  Facilities  are  given  for  getting  out  the 
wheels  and  axles,  and  the  cylinders  and  motion  are  placed  on  the 
top,  out  of  the  dirt,  and  very  accessible  for  cleaning  and  repair. 
The  spring  fmme  is  independent,  and  is  formed  of  eight  steel 
leaves  in  four  pairs,  two  pairs  at  each  side,  one  pair  on  the  top  of 
each  pair  of  axle-boxes,  and  the  other  pair  under  the  bottom.  It 
is  attached  to  back  and  front  stays,  so  that  by  removing  the  pins  and 
coupling-rods,  and  lifting  the  engine,  the  spring>frame  with  wheels 
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and  axles  and  break  gear,  can  be  run  out  for  examination  and 
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Figs.  299,  300,  301.   Guinness 's  Brewery :  Tramway  XxKomoiives. 

repair.  The  upper  or  crankshaft  axle-boxes  work  between  hom- 
plates,  and  they  are  each  connected  with  the  spring-iranie  by  a 
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vertical  Unk,  of  which  the  upper  pin  is  lengthwise  of  the  engine, 
and  the  lower  pin  is  crosswise,  givmg  freedom  for  oscillation. 

The  hreak-gear  consists  of  a  steam  cylinder  having  two  pistons^ 
between  which  steam  is  admitted  for  applying  the  breaks. 
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The  boiler  is  of  the  Ramsbottom  type.   The  barrel  is  a  feet 
5  inches  in  diameter,  having  64  tubes  2  feet  io|  inches  long, 
inches  in  diameter  outside.   The  heating  suriace  is  73*61  square 
feet  in  the  tubes,  1375  feet  in  the  fire-box ;  together  8lS*56  square 
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Icet,  or  27  limes  llie  grale-arca,  \  is  3-24  square  feet.  The 
working  j)rc'>hurc  is  iSo  li>s.  i  cr  equate  inch. 

The  cylinders  are  7  in*.  hc>  in  dinmeter,  with  a  stroke  of  Si 
inciics.  There  nrc  lour  coupled  22-inch  wliccis,  on  a  wheel-base 
of  3  feet.  I'he  weight  on  the  leading  wheels  is  3  6  tons,  on  the 
trailing  wheels  3  8  tons;  total  weighty  7*4  toas.  The  gauge  is 
22  inches.'*' 

ASPINALL. 

Shunting  engines  of  iS-incli  gauge  are  euiinoycd  by  Mr,  John 
A.  Y.  Aspinall  at  the  Honvich  Locomotive  \\  utksof  the  Lancashire 
and  Yorkshire  Railway,  for  the  n;o\  cuicnt  of  moderately  heavy 
weights  from  workshoj)  to  workshop,  over  a  large  area  of  ground, 
laid  out  with  tramways  of  iS-iuch  gauge.  The.^e  tramway;, 
which  have  already  been  described  (page  292),  com]>rise  several 
miles  of  way.  The  woiks  are  on  practically  level  ground,  and  in 
virtue  of  the  narrowness  of  the  gauge,  there  are  facilities  for  passing 
in  and  out  of  the  narrow  tloorways  of  the  workshops,  on  quick 
curves  whicli  are  not  greater  than  13  feet  in  radius. 

The  loconiotives  employed  (Fig.  303),  were  designed  and 
constructed  by  Mr.  A>i)inall.  They  are  four-wheel  coupleJ, 
similar  to  those  of  Mr,  Geoghcgan  (page  475).  The  cylinders 
are  5  inches  in  diameter,  with  6  inches  of  stroke ;  the  wheels 
are  x6i  inches  in  diameter,  on  a  wheel-base  of  2£-  feet  The 
frame  is  7  feet  4^  inches  long  ;  the  extreme  width  of  the 
engine  is  3  feet  The  boiler  is  of  steel,  cylindrical,  2\  feet 
in  diameter,  5  feet  2  inches  long;  containing  an  iron  cylindrical 
fire-box,  17  inches  in  diameter,  z\  feet  long,  and  55  tabes  in 
sequence,  i|  inches  in  outside  diameter.  The  fire-grate  is  about 
I  foot  long,  and  has  an  area  of  178  square  feet.  The  heating  siir* 
face  of  the  fire-box  is  10*42  square  feet;  of  the  tubes,  36-12  feet; 
together  46*54  square  feet,  or  26*1  times  the  grate-area.  The 

*  See  a  paper  by  Mr.  Samuel  Geoghegan,  "  Description  of  Tram- 
ways and  Rolling  Stock  at  GuinnesbS  Brewer)',"  in  the  Proceedings 
of  the  Insiitution  of  Mechanical  EngineerSt  July,  1 S8S,  page  j.;. 
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capacity  of  the  tank  is  26^  gallons.   The  working  pressure  is 
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170  lbs.  per  square  inch.  The  weight,  empty,  is  2*80  tons ;  full, 
and  in  working  order,  3*19  tons.    The  tractive  force  is  computed 
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as  1,413  lb$.y  or  9*33  lbs.  per  pound  of  effective  pressure  per 
square  inch  on  the  piston.  The  height  of  the  horizontal  centre- 
line of  the  boiler  is  2  feet  9J  indies.  The  top  of  the  chimney  is 
7  feet     inches  high  above  the  level  of  the  rails. 


PERRETIT. 

Mr.  £dward  Perrctt  arranged  a  steam  car,  Figs.  304, 305,  In 
-which  the  machinery  is  placed  horizontall}-  under  the  frame,  and 
two  vertical  steam-boilers  are  placed  on  the  platform,  one  at  each 
end  of  the  car,  and  connected  together.  The  weight  is  thus 
equally  distributed,  and  the  car  may  be  run  either  end  foremost. 
The  car  runs  on  eight  wheels,  and  weighs  8  tons  when  loaded,  of 
which  5  tons  rest  on  the  four  middle  wheels,  which  are  driven  by 
the  engine,  and  3  tons  is  divided  between  the  fore  pair  and 
aft  pair  of  wheels.  These  wheels,  fore  and  aft,  are  arranged  as 
Bissell  trucks,  radiating  outwards  on  pivots,  and  they  are  con* 
trolled  at  either  end  by  steering  gear,  so  that  the  car  may-be  taken 
with  facility  off  the  road,  on  to  a  branch,  or  vice  versa*  The  fixed 
wheel-base — ^that  of  the  driving  wheels — is  4  feet,  and  the  total 
wheel-base  is  17  feet.  The  two  cylinders  are  6  inches  in 
diameter,  with  a  stroke  of  9  inches ;  the  coupled  driving  wheds 
are  27  indies  in  diameter,  and  the  bogie  wheels  are  18  inches. 
The  steam  boilers,  on  Broadbent*s  system,  are  25  V  inches  in 
diameter  outside,  and  6  feet  long  ;  the  fire-box  is  20]^  indies 
diameter  at  the  grate,  giving  2*27  square  feet  of  grate-area  for 
each  boiler. 

An  experimental  steam  car  was  constructed  on  this  system, 
with  5-inch  c)  Hncleis,  aiul  an  8-incl)  stoke  ;  27-inch  driving  whccU 
at  4-iccL  centres.  a.iul  i9-inc;i  bo-;ic  wheels,  at  14-lect  centres; 
i-Co  square  icct  of  ijrate  for  each  boiler ;  total  w  uijiht,  8  tons,  of 
which  5  tons  waa  (.iiivmg  weight.  It  was  publicly  tried  in  -^lay, 
1S76  ;  and  it  is  reported  that  the  car  ran  easily  on  a  circular  line 
oi  35  feet  radius,  to  a  gauge  of  4  feet  8^  inches,  with  a  pressure 
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stroke;  though  it  was  necessary  to  get  up  the  pressure  to  120 lbs. 
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per  square  inch  before  starting  again.  With  a  pressure  of  1 20  lbs.  the 

car  could  start  on  an  incline  of  i  in  30. 

A  car  of  this  type,  Fig.  306,  was 
constructed  by  Messrs.  Manlove, 
Alliott,  Fryer  &  Co.»  Nottingham,  for 
the  Dublin  and  Lucan  Tramway.  The 
cylinders  are  7  inches  in  diameter, 
with  a  stroke  of  9  inches,  and  four 
coupled  27<inch  wheels,  4}  feet  apart 
between  centres.  The  total  wheel- 
base,  including  the  Bissell  trucks,  one 
at  each  end,  is  17}  feet.  The  car  in 
working  order,  without  passengers, 
weighs  9  tons.  A  series  of  tests  of 
this  car  were  made  on  an  endless 
tramway,  3  feet  in  gauge,  a  quarter 
of  a  mite  in  length,  on  the  premises 
of  Messrs.  ^fanlove  &  Co.,  to  prove 
the  amount  of  the  gross  resistance. 
Indicator-diagrams  were  taken  from 
the  engines,  yielding  the  following 
results  : — 

On  a  stra -lit  line,  with  ascending 
gradients  of  i  in  57  and  i  in  22,  the 
indicator  frictional  rcsistar.ccs,  after 
allowing  for  tlie  resistance  of  gravity, 
were,  at  4  miles  per  hour,  at  the  rate 
of  35  lbs.  and  36  lbs.  per  ton  on  ihe 
two  gradients  respectively  ;  and  at 
8  miles  per  hour,  41  lbs.  and  39  lbs. 
On  a  curve,  of  60  feet  radius,  on  a 
level,  the  resistances  were  Si  lbs.  and 
96  lbs.  ;  going  up  an  incline  i  in  41, 
they  wee  50  lbs.  and  75  lbs.  ;  up 
I  in  33,  they  were  65  lbs.  and  84  lbs. 


Fig.  305.  Air.  Ferreit'sbteani 
Car.   Plan.   Scale  -^t^ 


per  ton.   The  mean  results  luay  be  taken  thus : — 
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Steam  car.  4  miles  per  hour.        8  miles  per  hour. 

Straijjht  line,  frictional  resistance  .  36  lbs.  per  ton  40  lbs.  per  ton. 
Curve,  60  feet  radius,  frictional 

resistance  .....  65  lbs.     „  85  lbs.  „ 


Here  it  appears  that  tiie  resistance  on  a  curve  of  60  feet  radius  is, 
in  round  numbers,  double  the  resistance  on  a  straight  line.  This 
result  compares  unfavourably  with  the  result  of  trials  for  the  trac< 
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tional  resistance  of  a  passenger-car  on  the  b  nne  1  nc  of  way,  pag.. 
405,  where  it  was  deduced  that  the  straigiU-linc  resistance  0:  a. 
car  was  little  more  than  doubled  evt  n  on  a  curve  of  22  feet  radius. 
It  is  probable  that  the  greater  resistance  of  this  steam-car  i.<  attri- 
butable not  alone  to  the  working  of  the  propelling  machinery  as 
such  ;  but  also  to  the  spread  and  the  arrangement  of  the  wheel 
system.  The  fuel — gas  coke — for  a  run  of  6  miles,  at  a  speed  of 
8  miles  per  hour,  was  consumed  at  the  rate  of  17  lbs.  per  mile,  or 
nearly  2  lbs.  per  ton-gross  per  mile.  Of  course,  il.e  ^rcai  and 
unequal  resistance  of  inclines  and  curves  contributed  to  the  caus- 
ing of  so  considerable  a  consumi)tion  of  fuel. 

Tliis  steam  car  was  set  to  work  on  the  Dublin  and  Lucan 
Tramway,  on  June  6,  1881,  working  between  Dublin  and 
Chapelizod,  a  length  of  two  miles,  making  13  double  trips,  equal 
to  52  miles  per  day.  The  car,  weighing  9  tons  empty,  weighs 
with  1^  tons  of  passengers,  the  average  load  lo^  tons-gross.  The 
fuel  consumed  per  day  is  6  cwt.  of  gas  coke,  including  the  fuel 
consumed  for  getting  up  steam,  equivalent  to  1*3  lb.  per  ton-gross 
per  mile.  This  comparatively  high  rate  of  consumption  may  be 
accounted  for,  to  some  extent  at  least,  by  the  unfavourable  con- 
ditions under  which  the  work  was  done.  The  car  makes  but  one 
double*trip  or  4-mile  run  in  each  hour.  In  fact,  the  a-raile  trip 
was  made  in  10  minutes,  and  the  car  was  at  rest  for  forty  minutes 
in  each  hour. 


Brown. 

Mr.  A.  Brown,  of  Winterthur  (Switzerland),  designed  a  steam 
car  for  tramways,  on  the  principle  of  Mr.  R.  F.  Fairlie's  double- 
bogie  railway  steam-carriage.  An  illustration  of  his  original  design 
was  published  m  £upnieringt  for  March  31, 1876.  He  constructed 
a  steam-car  on  the  same  system,  on  a  somewhat  modified  desigo, 
which  was  put  to  work,  in  1877,  on  the  Lausanne  and  Echelleos 
Branch  Railway— a  Chemin  de  Fer  Regional  for  local  traffic, 
constructed  to  a  gauge  of  1  metre,  8*86  miles  in  length,  and  laid 


Digitized  by  Google 


BROWN'S  STEAM  CAR, 


on  the  common  road,  which  inclines  upwards  from  Lausanne  io 
Echellens.   The  ruling  inclines  are  heavy ;  they  are  as  foUowB : — 

Yanls. 

I  in  28  for  545 
I  in  40  „  57^ 
X  in  31  „  2j6 
I  in  25  «  655 

2,014 

The  minimum  radius  is  100  metres,  or  330  feet ;  in  stations,  it  is 
60  metres,  or  aoo  feet 

The  car,  Figs.  307,  308  and  309,  is  supported  at  each  end  by  a 
foiST-wheel  swivelling  bogie.  The  engine  with  its  boiler  complete  is 
sapported  on  one  of  the  bogies,  the  wheels  of  which  are  coupled, 
and  constitute  the  driving-wheels;  the  locomotive  is  lodged  in 
one  end  of  the  car,  where  it  is  wholly  masked  by  the  surrounding 
portion  of  the  car,  and  is  free  to  revolve  on  its  axis. 

The  cylinders  are  horizontal,  and  are  above  the  foot-plate. 
The  valve-chests  are  below  the  cylinders,  and  so  these  are  kept 
clear  of  condensation-water.  The  piston-rods  each  work  a  vertical 
rocking  beam,  from  the  lower  ends  of  which  the  wheels  are  driven 
by  connecting-rods.  This  arrangement  is  employed  for  the  sake 
of  keeping  most  of  the  working  machinery  out  of  the  way  of  dust 
The  valve-gear  consists  of  a  combination  of  levers  and  rods 
worked  off  the  connecting-rod, — in  which  excentrics  and  straps 
are  dispensed  with. 

The  main  framing  of  the  car  is  of  joist  iron,  at  such  a  level  that 
the  floor  of  the  car  is  only  19  inches  above  the  level  of  the  rails. 
The  car  is  divided  into  three  portions — the  saloon  furnished  with 
longitudinal  scats,  upholstered,  for  24  j  asicngers  ;  the  pavilion  at 
the  hind  end,  over  ilie  Innd  bogie,  as  a  smoking  department  for 
7  passengers ;  and  the  upper  story,  or  imperial,  to  which  a  stair- 
case leads  from  the  pavilion,  with  seats  for  30  passengers.  Thus 
accommodation  is  provided  for  6 1  passengers  in  all. 
The  following  are  the  leading  dimensions  of  the  steam  car : — 

1 1  2 
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Car  FecU  Inchet. 

Length  over  all        .             •       .       •  42  3i 

Eitreine  breadth   7  9i 

Height     «   14  > 

Diameter  of  bogie-wheeU  of  car            •  i  5} 

Wheel-base  of  bogie   4  o 

Dietance  between  centres  of  bogies  .      .  30  4! 

Engine: — 

Diameter  of  steam-cyUnden  .06^ 

Length  of  stroke  10 

Diameter  of  coupled  wheels     .       .       •     2  3I 
length  of  wheel-base      .      ,      .  .41 

Diameter  of  boiler  ^ 

Length  of  flue*tubes  .  ...     4  7 

Square  feet. 

Aiea  of  fire-grate     .      .  *  2*35 

Heating  surfoce  :^Fiie-box    .      .      .  ao 

Tubes  ....  130 

Total       .      ,  150 

Pressure  of  steam  in  boiler  (per  square  inch)  180  lbs. 

Capacity  of  water-tanks    .       .       ,       ♦    130  gallons. 
Do.      coal-bunkers  ....      5  cwt. 

Weight T<mt. 

Engine,  empty   5 

Do.    In  worldng  order  *      ...  6 

Car,  empty       •   6] 

Eogioe  and  empty  car  .      .  .11^ 

Total  weight  in  working  order,  with  61 

passengers,  and  luggage      .      .      .  x6 
Driving  weight,  when  the  car  is  fully 

loaded   .   10 

Net  weight  of  engine  and  car,  in  worldng 

order,  per  passenger      ....  377  cwt. 

Maximum  load  per  driving  axle       .       .  5  >, 
do.      do.  per  free  axle           .  •3m 


On  Sundays,  600  persons  have  been  carried  in  eight  trips, 
or,  75  passengers  at  a  time.  The  greatest  number  taken  at  a 
lime  was  120.    It  is  stated  that  the  ordinary  speed  wa^  aboui 
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9  miles  per  hour,  but  speeds  of  about  19  miles  per  hour  have  been 
attained  on  a  level  The  car  may  be  stopped  on  the  steepest 
gradients  within  from  16  to  20  feeL  It  is  reported  that  the  engine 
has  never  slipped  her  wheels,  even  in  the  most  tinlavouFable 
weather — ^in  snow,  ice^  or  fog.  The  fuel,  Saarbnick  coal,  has  been 
consumed  at  the  mte  of  iii  lbs.  per  mile,  or  72  lb.  per  ton-gross 
per  mile.  The  daily  expenses  for  worlung  the  steam-car  at  Lau- 
sanne,  doing  29  miles  per  day,  have  been  as  follows : — 


It  is  stated  that  if  the  steam-ear  were  worked  over  a  nearly 
level  road,  it  could  easily  make  80  miles  a  day,  at  a  daily  expense 
of  25s  ,  equivalent  to  3fd.  per  mile  run.  But  in  this  charge  there 
is  no  element  for  nnaintenance.    The  price  of  the  steam-car  is 

1,000.* 

IndependeiU  enginc:>  of  tlic  same  type  have  been  constructed 
by  Mes3rs.  R.  and  W.  H.n\  'horn,  as  shown  in  Fig.  310.  i'iie  c\ iiii- 
ders  are  5  inches  in  diameter,  and  have  ii:^  inches  of  stroke. 
The  wheels  are  made  from  2  feet  to  2  feet  4  inches  in  diameter, 
on  a  wheel-base  of  5  feet.  The  pressure  in  the  boiler  is  220  lbs. 
The  steam  is  condensed  in  tubes  placed  overhead.  The  weight 
of  the  engine  with  coal  and  water  is  6^  tons. 

Engines  of  this  class  have  been  working  at  Strasburg,  at  a  cost 
of  about  5d.  per  mile-run.  At  Hamburg  the  cost  was  4^d.  per 
mile-run.  The  cngmes  have  also  been  at  work  on  the  Sunderland 
tramways,  where  they  can  take,  when  required,  two  cars  loaded 
with  goods,  weighing  6^  tons^oss,  up  gradients  of  i  in  25  and 

«  The  above  particulars  of  the  8team*car  are  taken  from  Engineer* 
ingt  for  August  xo,  1877,  p.  108. 


Coal  (3  cwt.) 
Grease,  oil,  &c 


1  fume-driver 

]  biuker 
I  conductor 


6  4 

2  9.i 

4  9 

»  7 


Or,  7*7d.  per  mile-run. 


18  ^\ 
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I  in  i8.  The  condensing  power  is  increased  in  the  more  recently- 
made  engines,  with  a  view  to  reducing  the  back  pressure  and 
suppressing  all  the  exhaust  steam,  evea  on  the  severest  inclines. 


Rowan. 

Mr.  VV.  R.  Rowan,  of  Copenhagen,  designed  a  steam-car  for 
tramways,  Fig.  311,  resembling  ^\x.  Fairlie's  steam  carnaget  and 
Mr.  Brown's  car,  in  general  arrangement. 

But  Mr.  Rowan,  not  recognising  the  principle  of  Mr.  Fairlie's 
steam  carriage,  reverted  to  the  American  railway  carriage,  or 
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car,  for  his  prototype.  "  the  body  resting  on  two  bogies  or 
tin  tier- carriages  "  ;  and  *'  with  a  view  of  affording  a  suitable  place 
in  whicli  the  engine  may  stand,"  he'^aively  explained  that  "  the 
pin  of  one  of  the  bogies  is  made  hollow  and  enlarged  to  several 
feet  in  diameter,  instead  of  being  a  mere  pin  of  metal,  and  in  this 
hollow  pin  is  fixed  the  engine,  which  acts  directly  upon  the  bogie- 
wheels  underneath,  and  thus  sets  the  whole  carriage  in  motion. 
It  is  evident  that  the  enlargement  of  the  bogie-pin  will  not  affect 
the  revolving  movement  of  the  carriage  body  upon  it ;  nor  will 
the  engine  in  this  position  interfere  with  the  arrangements  for 
ascending  or  descending  to  or  from  the  upper  seats  of  the  car  at 
eith  r  end."  * 

There  need  not  be  any  doubt  of  the  feasibility  of  the  system. 




]\ 

 Hi 

11 

7—: 

.1  : 

Fjg.  311.  Dottl>Ie-Bo<;ie  Steam  Car,  by  2dr.  W.  R.  Rowan,  1877. 

Scale  T^j. 

It  was  amply  tested  on  a  working  scale  by  Mr.  Faiil'.e  many  years 
ago.  The  engine  may  be  rcailiiy  dL  iacliablc  from  the  boily  of  the 
car,  wlien  required,  by  the  aid  of  a  temporary  crutch  lowered  io 
support  the  free  end  of  the  car. 

Mr.  Rowan  condensed  the  exhaust  steam  by  surface-condensa- 
tion in  a  sheet-iron  chamber,  which  is  traversed  by  a  number  of 
tubes,  either  flat  or  round,  from  end  to  end.  The  steam  was 
exhausted  into  the  chamber  surrounding  the  tubes ;  and  was  con- 
densed by  currents  of  cold  air  from  a  fan  driven  through  the 
tubes  on  its  way  to  the  furnace.  By  this  means,  the  aii  migiu  be 
heated  to  190  or  200  '  F.,  whilst  the  steam  was  effectively  con- 
densed, and  the  condensation  water  was  pumped  again  into  the 

•  The  Employment  of  Mechanical  Motors  on  Tramways.  By 
W.  R.  Rowan.  C.E.,  1877. 
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boiler.  Mr.  Rowan  considered  that  from  i,ooo  to  2,000  square 
feet  of  condensing  surface  was  sufficient  for  an  engine  of  from  15 
to  25  hoise-power. 

The  steam-car  last  constructed  by  Mr.  Rowan  was  3a  feet  long 
over  all,  built  of  teak,  excepting  the  side-soles  and  the  roof.  It 
was  made  to  seat  60  passengers  inside  and  outside.  The  only 
entrance  is  at  the  hinder  end.  The  engine  was  capable  of  w«rk- 
ing  to  18  horse-power,  with  a  pressure  in  the  boiler  of  150  lbs. 
per  square  inch.  The  csrs  easily  passed  on  curves  of  45  feet  radius, 
and  could  surmount  a  gradient  of  i  in  so.  The  total  weight  of  the 
car  and  engine  was  5  tons.  Mr.  Rowan  gives  the  following 
comparative  statement  of  the  working  elements  "  of  a  horse<ar, 
a  car  drawn  by  a  separate  engine,  and  his  steam-car  : — 

Comparative  "Working  Elements   for  Horse-Power 

AND  STEAM.P0WBR»  ON  TRAMWAYS. 


Woikiiif  dcmoDtt. 


Number  of  passengers 
Do.  servants 

Length  of  street  occupied  . 

Gross  weight,  including  pas- 
sengers   .       .       .  . 

Weight,  without  passengers 

Maximum  weight  on  any 
wheel,  with  gross  load 

Maximum  weight  on  any 
wheel,  without  load  . 

Dead  weight  per  passenger 

Greatest  w^eight  on  driving 
wheels,  with  full  load 

Greatest  weight  on  driving 
wheels,  without  load 

Horse-power  for  haulage 

Steepest  working  gradien 
for  long  runs  . 


Car  drawn 

40 

40 

60 

2 

2 

2 

35  feet 

35  feet 

ja  feet 

5i  tons 

q\  tons 

9*  tons 

5  »• 

1*375  M 

1*375 

1*50  t. 

•625 

i-ooo  .» 

roo  ,» 

\\  cwt. 

3  cwt- 

1)  cwt. 

4  cons 

6  tons 

4 

4  - 

2  h.p. 

18  h.p. 

]8  h.p. 

I  in  80 

t  in  40 

I  in  so 

On  the  results  ol  ihc  trials  of  his  steam-car,  Mr.  Rowan  based 
an  estimate  of  the  comparative  cost  of  working  tramway  traffic  on 
his  system,  and  by  ordinary  horse-traction,  assuming  tiiat  the 
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saving  in  tear  and  wear  of  stock  on  his  system  is  balanced  by  the 
increase  in  the  wear  of  the  road>  and  leaving,  therefore,  these 
causes  «f  fpenditure  out  of  the  account : — 


(i)  Steam- cars. — Daily  Expetises, 


I  engineroan 

Kroner' 

or 

8 

^\ 

f  rescn'e  do 

•  ro8 

» » 

I 

J 

\  cleaner  . 

•  I-I2 

I 

3i 

» » 

10 

0 

Oil,  tallow,  waste,  «S:c.  . 

•     I '50 

n 

I 

8 

Sundry  petty  expenses . 

t> 

2 

6 

2a*5o 

I* 

as 

0 

Allowing  a  day's  work  of  12  Danish  miles,  or  56*16  English 
miles,  the  expenses  are  equivalent  to  5*34d.  per  English  mile,  or 
to  «09d.  per  passenger  per  mile. 

(a)  Hiirs§-earsj—DaUy  Expenses. 

The  cost  for  horse^powtr  to  the  Copenhagen  Tramway  Com- 
pany, in  iB74»  amounted  to  3*10  kroner  per  Danish  mite,  or  6d. 
per  English  mile  ^  for  a  car  sealed  for  40  passengers,  equivalent 
to  *i5d.  per  passenger  per  mile. 

From  these  statements,  it  appeam  that  the  expense  of  working 
with  the  steam-car  wonM  be  absolutely  less  by  *66d.,  or  la^  per 
cent.,  and  that  per  passenger  it  would  be  less  by  40  per  cent., 
supposing,  of  course,  dut  foil  loads  were  taken  in  each  ease. 

More  recently  (1891 — 93),  Rowan's  steani-car  has  been  in  use 
on  a  Une  at  Stockholm,  having  gradients  of  7  per  cent.,  or  x  in  14. 
It  contains  a  6 -ton  motor  working  up  to  1 4  atmospheres  (200  lbs. 
per  square  inch),  and  carncii  from  30  to  50  |)assLngers.  The 
total  weight  available  for  adhesion  is  1 1  toiiS,  and  Jevclopb  a 
tractive  force  of  1,000  kilograaimcs,  equal,  at  S  kilometres  per 
hour,  to  30  horse-posvL'i .  The  first  cost  of  such  a  steam  car  is 
about  ;^8oo  at  the  works.  The  Rowan  steam-car  is  also  used  on 
seven  other  light  railways  in  Sweden,  and  on  suburban  lines  at 
Copenhagen,  Berlin,  Saarbriicken,  Mobcow,  Paris,  Tours,  Lyons, 
and  Marseilles,   These  lines  are  tor  the  most  part  level. 
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CALCULATION  OF  i^TEAM  LOCOMOTIVE  POWER 

OX  TRAMWAKS. 

When  the  cttctuve  mean  pressure  in  the  cylinders  of  a  locomo- 
tive, of  which  there  are  usually  two,  is  known,  the  tractive  force  at 
the  rails  is  readily  estimated  in  terms  of  that  force,  and  the  dunoi- 
sions  of  the  machinery. 

Take  the  case,  nearly  universal,  of  two  cylinders  connected 
directly  to  the  driving-wheels  and  their  axle.  The  pressure  deve- 
loped in  the  pair  of  cylinders  is  thus  expressed  by  the  equivateat 
pressure  or  tractive  force,  as  at  the  rails : — 

T=  — ^        •  •       (  O 

Re\  cr-sel\-,  ihc  cftVciive  incan  pressure  on  the  pi.>>tons,  einiivalcnt 
to  a  given  tractive  forte  ai  ihe  rails,  is  expressed  by  the  formula— 

D  T 

d  =  the  diameter  of  the  cylinders,  in  inches. 
L  =:  the  length  of  the  stroke,  in  inches. 
D  s  the  diameter  of  the  driving-wheels,  in  inches. 
/  =  the  effective  mean  pressure  on  the  pistons,  in  lbs.  per 
square  inch. 

T  s  the  equivalent  tractive  force  at  the  rails,  in  lbs. 

That  is  to  say  :-  To  find  the  traciive /t'/-tr  — Multiply  the  square  of 
the  diameter  of  the  pistons,  in  inches,  by  the  length  of  the  stroke, 
in  inches,  and  by  the  eftective  mean  pressure  on  the  pistons  in 
pounds  per  square  inch  j  and  divide  the  product  by  the  diameter 
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of  the  driving'Wheds,  in  inches.  The  quotient  is  the  equivalent 
force^  as  tractive  force,  at  the  rails,  in  pounds. 

T0  find  the  effeUhe  mean  pressure, — Multiply  the  diameter  of 
the  driving-wheel,  in  inches,  by  the  total  equivalent  tractive  force 
at  the  railsy  in  pounds;  and  divide  the  product  by  the  square  of 
the  diameter  of  the  cylinders,  in  inches,  and  by  the  length  of 
stroke;  in  inches^  The  quotient  is  the  effective  mean  pressure  in 
pounds  per  square  inch. 

It  is  understood,  of  course,  that  so  much  of  the  power  developed 
in  the  cylinders,  as  is  necessary  to  overcome  the  resistance  of  the 
machinery  of  the  engine,  is  intercepted  and  consumed ;  and  that 
only  the  balance  of  the  power  is  available  for  tractional  action  at 
the  rails,  and  there  exerted.  But,  for  the  sake  of  reducing,  for 
purposes  of  estimation,  all  the  resistances  of  the  engine,  as  well  as 
those  of  ill!  car,  to  one  standard  for  measurement,  the  whole  of 
the  steam-jjower  in  the  cylinders,  as  measurable  by  the  indicator, 
is  reduced  to  an  eciuivalent  tractional  force  at  the  rail. 

EFFECTIVE  MSAK  PRBSSIXRBS  IN  THE  CYLINDERS. 


Period  of 
a/dmission  in  parts 
of  the  atrole. 


Per  cent. 

10 

1?* 

20 

^5 

30 

35 
40 

45 
50 

60 

65 
70 

75 


Effective  mean 
prMsure  in  parts 
of  the  niasimuin 
prtruure. 


Per  cent. 

20 


at  } 


32 
46 

a 
67 
72 

«9 


P<'riod  of 
admi»!iiun,  in 
fractmnv  of 
the  stroke. 


Effective  -an 

pre"!«ure,  i.  i..iris 
of  in  ixi:iiiirn 
prcs&ure. 


I-lOth 

i-8th 

I -6th 

i-Sth 
I -4th 

i-jrd 


1-  20d 

2-  3rds 

3- 4ths 


^ully 


i-7t 
i-5ih 

i-4th 

i-^rd 
i-Vih 

i-and 


2-3rds 

4-5ths 
9>iotl  s 
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The  effective  mean  pressure  in  ordinary  steam-cylinders,  non 
condensing,  worketi  by  ordinary  valves  and  link-motion,  is  given 
in  the  annexed  table,  for  various  periotls  of  admission,  of  from 
lo  per  cent,  to  75  ]>cr  cent,  of  the  stroke,  and  for  maximum  pres- 
sures in  the  cylinder  of  from  60  lbs.  per  square  inch  to  150  lbs. 
per  s^iuarc  inch.* 

The  proportion  of  the  adhesion -weight,  or  driving-weight,  of  the 
engine,  which  measures  the  force  of  adhesion,  available  for  traction, 
is  very  variable — from  one-fifth  in  dry  weather,  according  to  the 
author's  experiments  on  the  adhesion  upon  railways,  to  one-ninth 
in  damp  weather,  when  the  rails  may  be  slippery.  To  keej)  withm 
the  limits  of  one-ninth,  in  the  iiroijortioning  of  engines  to  their 
work,  ensures  the  working  the  engine  in  all  states  of  the  weather; 
but  a  larger  fraction  may  wisely  be  assumed  for  the  purj)Oses  of 
general  e>timates,  particularly  as  the  aid  of  dry  sand  droj.ped  on 
the  rails  may  be  invoketl,  when  necessar)%  for  the  increase  of  the 
adhesive  force.    A  fraction  of  one-eighth  may  safely  be  adoptefi. 

The  influence  of  gradients  on  the  resistance  to  traction,  is  easily 
calculated  by  multiplying  the  gross  load  by  the  fraction  which 
expresses  the  rate  of  inclination.  The  product  is  the  amount  by 
which  the  resistance  is  increased  in  ascending  a  given  gradient ; 
or,  on  the  contrary,  reduced  in  descending  the  gradient  To 
exemplify  the  effect  of  an  ascending  giadient  in  increasing  the 
resistance^  and  reducing  the  available  gross  load,  take  such  gra- 
dients as  are  equivalent  to  30  lbs.  per  ton,  and  it  multiplies 
thus:— 

('•r.i.!)<  nt.  Resistance  due  to  gravity. 

1  in  75  or  I  33  percent.         30  lbs.  per  ton 

I  in  37  „  270      „  60  lbs. 

I  in  25  „  4*00      „  90  lbs. 

1  in  i8i„  5-40      „  X20  lbs. 


ft 


I  in  15  „  6'66      „  150  lbs. 


Taking,  as  before  adopted,  a  resistance  of  30  lbs.  per  too,  as  the 
normal  resistance  on  a  level,  the  resistance  is  30  lbs.  more,  or  is 

*  This  table  is  copied  from  the  author's  work  on  Railway  i/<t- 
chineryt  1855,  page  116. 
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doubled,  for  an  asctnding  gradient  of  i  1075;  and  the  gross  load 
that  can  be  drawn  up  the  mcline,  by  a  given  force  of  traction,  is 
halved : — 


On  a  level  the  available  gross  load  is  as  .      .  x 

Oo  an  incline  of  1  in  75,  it  is  as  .  ^ 

M  t  in  37     „  ...  I 

M  I  in  25      „  '       '      '  \ 

I  in  i8i     „  .       ,       .  i 

1  in  15      „  .      .      .  j[ 


As  the  tramway  engine  traverses  the  line  in  both  directions,  the 
work  done  on  each  section  of  the  line,  whether  level  or  inclined, 
may,  for  general  puqjoses,  be  taken,  when  averaged  for  both 
<lirections,  to  be  the  same  as  the  work  done  on  a  level ;  and  it  may 
be  assumed  that  the  average  period  of  admission  of  the  steam  to 
the  cylinder  is  50  ]>er  cent,  or  hall-stroke.  The  average  initial 
pressure  in  the  cylinder  may  therefore  be  assumed  as  that  due  to 
the  effective  mean  pressure  that  is  equivalent  to  the  resistance  on 
a  level. 

From  the  foregoing  rules  and  data,  the  quantity  of  steam  oon- 
sumed  may  be  calculated  for  a  given  distance— per  mile-nm,  for 
instance ;  and  thence, — ^in  terms  of  the  relative  volume  of  steam, — 
the  quantity  of  water  evaporated,  and  the  quantity  of  fuel  to  be 
consumed.  The  volume  of  steam  consumed  for  a  stroke  of  one 
piston  is  half  the  capacity  of  one  cylinder  \  and  there  are  four 
halves,  or  two  cylinders,  fiill  of  steam,  consumed  for  one  turn  of 
the  driving-axle ;  or, 

Steam  consumed  per  turn  in  cubic  inches, 
=  7854      X  L  X  a ; 

=  1-5708  /^^  L  

d  —  the  diameter  of  the  piston,  in  inches. 

L  =  the  length  of  the  stroke,  in  inches. 

D  =  the  diameter  of  the  driving-wheel,  in  feet. 

s  =:  the  volume  of  steam  consumed,  in  cubic  feet,  per  mile. 

The  quantity  of  steam,  in  cubic  inches,  consumed  per  mile  is 
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equal  to  the  qii ar  t  ty  [a),  multiplied  by  the  number  of  turns  made 

in  a  mile,  or  by        J."^^^ '  and  if  this  product  be  divided  by  1728, 

3*i4i6  D  ^  /    #  » 

the  quotient  is  the  number  of  cubic  feet  consumed  per  mile.  But 
an  addition  is  to  be  made  for  the  usual  proportion  of  steam  con- 
densed in  the  cylinder— -12  per  cent,  of  the  indicated  quantity, 
when  the  steam  is  cut  oflf  at  half-stroke — and  the  total  quantity  of 
steam  actually  consumed  is  as  follows : — 

^  1*5708        L  X  5280  112 

^"•'1728x  31416  0    ^  ioo  '  ^''^ 

s  =  5 —         •      •      •  (3) 

That  is  to  say  v^To  find  tJu  average  volume  of  steam  actually  con- 
sumtd  perviik,  cut  off  at  an  avera^^e  of  half  the  stroke — Multiply 
the  square  of  the  diameter  of  the  cylinder  in  inclies  by  the  length 
of  the  stroke  in  inches,  and  by  1*71 ;  and  divide  the  product  by 
the  diameter  of  the  driving-wheels  in  feet  The  quotient  is  the 
average  voltmie  of|  steam  consumed  per  mile. 

The  equivalent  quantity  of  water  required  to  be  evaporated  to 
fom  the  steam  thus  calculated  is  found  by  dividing  the  volume  of 
the  steam  by  its  relative  volume ;  that  is,  its  volume  compared 
with  that  of  the  water  of  which  it  consists.   Thus : — 

 r7i  //-  L 

^  "  D  X  rehvol.  •       '      •  ■ 

w  s  the  average  volume  of  water  evaporated,  in  cubic  feet, 
per  mile. 

To  express  the  volume  of  the  water  in  gallons^  multiply  the 
value  (4)  by  6*2355,  the  number  of  gallons  in  a  cubic  foot. 
Thus  :•— 

X.  -  I      X  6  2355  X  i/»  L 

-  — Ei^idriToi: —  ^ 

_   io'7     L  , 
"  D  X  rel.  vol.  *      '      '      •    i  5  > 

w  =  the  average  volume  ol  water  evaporated,  in  gallons,  per  mile. 


Digitized  by  Google 


CALCULATION  OF  STEAM  POtl'EK. 


497 


That  is  to  say: — To  fitid  the  average  volume  of  water  as  steam 
consumed  per  tnile^  cut  off  ett  an  average  of  half  the  stroke — i.  In 
CUBIC  FEET.    Multiply  the  square  of  the  diameter  of  the  cylinders 

in  inches,  by  the  length  of  the  stroke  in  inclies,  and  by  ryi  ;  and 
divide  the  product  by  the  diameter  of  the  driving-wheels  in  feet, 
and  by  the  relative  volume  of  the  steam.  The  quotient  is  the 
volume  of  water  in  cubic  feet. 

2.  In  GALLONS.  Perform  the  same  cak  ulation  as  the  preceding, 
except  that  the  multiplier  10*7  is  to  be  employed  instead  of  1*71. 
The  quotient  is  the  volume  in  gallons. 

To  faciUtate  such  calculations,  particulars  of  the  volume  and 
density  of  saturated  steam  are  given  in  the  following  table, 
abstracted  trom  the  author's  larger  table.* 


Density  and  Volume  of  Saturated  Ste.vm. 


Pre«»ure  per 
9qu;ir'*  inch  ab"\c 
toe  atmotpbero. 


ibt. 
o 

5 
10 

»5 
20 

22 
28 

38 
40 

4* 

*J 
42 
48 


wcijfht  of  one 
cabic  foot. 


Ib>. 

•0^80 

•0858 
•0905 
•0952 
•0996 
1012 
•1089 

"33 
•"79 

•1269 
•1314 

•"364 

•1403 

•M47 
•1493 


I 


Vol  nine  of  one 
pound  of  atrsuB. 


CMcfetU 

26-36 
19-72 

15-99 
13-40 
1 1-65 
I  ro.] 
10  51 
10-03 

9'59 
9-18 
§•82 
8*48 

8-17 

7-88 
7*6i 

736 


7' 12 

6*90 

6-70 


Relative  Tolnme,  or 
rabic  fprt  of  steam 
from  onp  cubic  (oot 
of  wat«r. 


Relative  volttine. 

1.642 
1.229 

996 

838 

726 

688 

635 

550 
529 

509 

491 

474 
45* 

444 

4.^0 

4'; 


*  See  A  Manual  of  Rules,  TabUs,  and  Data  far  Mechanical 
Engineers,  1877;  page  387. 
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Density  and  Volume  of  Saturated  ^nEK^^continued. 


Pretture  per 
tquArc  inch  above 


weight  of  one 

cubic  foot. 

Volume  of  one 
poviod  of  ttMB 

Ibi. 

Cubic  feet. 

•1538 

649 

•1583 

j  632 

•1627 

1  ^•15 

•1670 

j  5'99 

•1714 

•»759 

i  b'^^ 

•  1804 

\  554 

M848 

<  5*4* 

•1891 

'        5"  29 

•'935 

5' '7 

•1980 

505 

'2024 

1  4'04 

'  4-84 

•2067 

•21  I  I 

4'74 

••2155 

464 

'2198 

1  4*55 

•2241 

4-46 

•2285 

4-37 

•2329 

429 

•235  » 

4*25 

•2414 

4'4 

•2456 

407 

•2499 

4'oo 

•2543 

!        3  93 

•2586 

V86 

•2628 

380 

3*65 

•2845 
•2Q55 

351 
1  338 

•3CX)0 

327 

Rdativ«  volttM,  or 
cobic  feet  of  itaM 
from  one  cotrfc  fc«t 
of  water. 


Relative  Tolmw. 

405 
393 
383 
373 
363 
353 
345 
337 
329 
321 

iii 

301 
205 
289 

2/1 
272 
267 

26!; 

^53 
249 

245 
241 

^37 
227 

219 

211 

20^ 


When  the  ordinary  evaporative  perfoimance  of  the  fuel  used  in 
the  boiler  is  known : — the  quantity  of  water  evaporated  per  pound 

of  fuel,  or  the  quantity  of  fuel  required  to  evaporate  a  cubic  foot 
of  water— the  average  quantity  of  fuel  consumed  per  mile  is  easily 
estimated,  from  the  quantity  of  water  consumed.  The  evaporative 

performance  above  defined  is  usually  expressed  in  terms  of  the 
weight  of  water  evaporated  per  pound  of  fuel.    Tiie  \uiume  of 
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water,  taken  as  cold  water,  in  cubic  feet  per  mile,  may  be  multi- 
plicfd  by  62},  to  give  the  weight  of  water  in  pounds )  or  the  volume, 
if  expressed  in  gallons,  is  to  be  mult^ed  by  10,  to  give  the  weight 
of  water  in  pounds.  The  product  so  found  is  divided  by  the 
evaporative  ratio  of  the  fuel,  and  the  quotient  is  the  average  quan- 
tity of  fuel  consumed  per  mile; 

To  exemplify  the  application  of  the  foregoing  rules,  with  the 
tables  and  the  deductions,  take  die  locomotives  constructed  by 
Messrs.  Menyweather  k.  Sons,  for  the  tramways  of  Paris  (Reseau 
Sud).  The  cylinders  arc  6  inches  in  diameter,  with  a  stroke  of 
9  inches ;  the  driving-wheels  are  2  feet  in  diameter.  The  weight 
of  the  engine  in  full  working  condition  is  4  tons,  and  it  draws  a 
loaded  car,  say,  7  tons  in  weight  The  gross  weiuln  to  be  drawn 
is  i  I  tons;  and  ihc  total  resistance,  on  the  le.el,  at  a  unil'orm 
speed,  at  the  rate  of  30  lbs.  per  ton,  is  (i  i  x  30  =)  330  lbs.  at 
the  rail.  To  find  the  equivalent  pressure  on  the  pistons — the 
effective  mean  pressure,/,  by  formula  (2)  : — 

D  T       24  X  330  .  , 

/  =  ^2  L  —  35  "x     9  ~  square  mch. 

By  the  table,  to  produce  an  effective  mean  pressure  of  24  4  lbs. 
per  square  inch,  the  initial  pressures  for  different  periods  of  ad- 
mission, or  cut-offs,  are  as  follows:— 


For  a  Uniform  Speed* 

Per 
i<]u«i«  incli. 

Cutting  off  at  ][th.  the  initial  pressure  is  24*4  lbs.  x  3  =73  lbs. 

Do.       ith  do.  24*4  lbs.  x  2^  «  61  lbs. 

Do.       ^rd  do.  24  4  lbs,  x  2  «  49  lbs. 


For  starting  the  train  on  the  level,  allow  four  times  the  tractive 
force,  or  four  times  the  eftective  mean  pressure  requured  for  a 
unilorm  speeti — in  this  case,  1,320  lbs.  traction,  or  98  lbs.  per 
square  inch  m  the  cylinders ;  then — 

K  K  2 
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For  Starting  the  Train. 


Cutting  off  at  |  the  initial  pressure  is     lbs.  x  —  s:  109  lbs. 


If  the  pressure  in  the  boiler  be  1 30  lbs.  per  square  inch,  it  is 
saffident  for  the  exertion  of  the  extreme  tractive  forces  above 
assumed. 

But,  suppose  that  the  rate  of  the  ruling  gradient  of  the  tramway 
amounts  to  i  in  35.  For  the  same  tractional  force,  the  gross  load 
that  can  be  taken  up  the  line  is,  by  the  statement,  {>age  495. 
reduced  to  one-fourtii.   To  take  up  the  same  load,  tiierefore^  as 

on  the  level,  the  effective  mean  pressure  in  the  cylinder  should  be 
four  times  as  much  as  on  the  level,  so  that  four  times  the  tractive 
force  nia\-  be  exerted.  That  is,  instead  of  an  eflfective  mean  pres- 
sure of  24^  lbs.  ])er  square  inch,  there  must  be  9S  lbs.  cftcctive 
pressure,  bt  .ii-  tlvc  same  as  was  assumed  for  starting  the  irain  on 
a  level.  Fur  Lhe  exertion  of  this  pressure,  it  has  already  been 
shown  that  the  initial  pressure  lu  tlie  cylinder  would  amount  to 
109  lbs.  per  square  inch,  supi)Osing  that  the  steam  were  admitted 
for  three-fourths  of  the  stroke,  or  to  122  lbs.  for  two-thirds  of  tiie 
stroke. 

This  example  is  sufficient  to  illustrate  the  wideness  of  the  range 
of  power  that  may  be  exerted  by  a  tramway  steam-locomoti\  e. 

To  find,  by  formula  (4)  or  (5),  page  496,  the  average  quantity 
of  water  actually  consumed  as  steam  per  mile,  supposing,  as  was 
assumed,  that  the  avenn^'^e  period  of  admission  is  half  the  stroke. 
To  find,  in  the  first  j)larr,  tluj  rckitive  volume,  whirli  is  a  factor  in 
the  formula,  the  initial  pressure  ui  the  cylinder  is  to  be  determined. 
For  an  etiective  mean  pressure  of  24J  lbs.  per  square  inch,  cutting 
off  at  half-stroke,  the  initial  pressure  is,  by  the  table,  page  497, 
(24A  lbs.  X  =)  37  lbs.  per  square  inch  above  the  atmosphere. 
By  formula  (4)  or  (5),  page  496,  for  which  ^/  =  6,  t.  =  9,  d  =  2, 
and  the  relative  volume  of  steam  of  37  lbs.  effective  pressure, 
is  500 : — 


9 


Do. 


do. 


98  lbs.  X  ^  K  123  lbs. 
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or  w 


w 


171  X  6'  X  9 

2  X  500 

10-7  X  6-  X  9 


'554  cubic  feet ; 


3-47  gallons : 


2  X  500 


the  average  quantity  of  water  consumed  per  mile. 

To  estimate  now  the  quantitj  of  Aiel— which  is  coke — con- 
sumed per  mile  by  Messrs.  Menyweadier%  engine,  it  may  be 
assumed,  in  the  absence  of  positive  data,  that  7  lbs.  of  water  are 
evaporated  per  lb.  of  coke.  Redttdngy  then,  the  vohnne  of  water, 
'554  cubic  feety  or  3*47  gallons,  to  pounds,  and  dividing  the 
weight  by  7— 

•554  X  62i  =  34*35  pounds ;  and  ^^—^  =  5  lbs. 

or  3*47  X  10  =  34*70  pounds ;  and         =  5  lbs. 

•^showing  a  consumption  of  coke  at  the  rate  of  5  lbs.  per  mile 
run  by  the  engine,  in  drawing  a  gross  load  of  1 1  tons,  including 
the  weight  of  the  engine.  To  this,  of  course,  is  to  be  added  an 
allowance  for  getting  up  steam,  and  for  contingent  waste  of  steam 
and  fuel — say  10  per  cenL ;  making  an  addition  of  \  lb.  of  coke 
per  mile,  and  altogether  5^  lbs.  of  coke  consumed  per  mile. 

Thus,  by  a  simple  process,  founded  on  general  experimental  data, 
the  exact  quantity  of  coke  actually  consumed  by  those  engines^  as 
working  on  the  Paris  tramways,  is  arrived  at.  They  consume 
250  kilogrammes,  or  550  lbs.  of  coke  for  100  miles  run ;  which  is 
equivalent  to  5^  lbs.  per  mile,  the  same  as  has  just  been  calcu- 


The  foregoing  values  for  water  and  fuel  give  the  following 
data: — 

Avtrage  Consumption  per  Ton  Gross  per  MUe^run. 

I  pound  of  coke. 

3*5  pounds  of  water.  ' 


lated. 
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CHAPTER  IV. 
FIRELESS  TRAMWAF  LOCOMOTIVES. 

A  BODY  of  water  heated  under  pressure,  spontaneously  generates 
and  disengages  steam,  when  the  pressure  is  permitted  to  &U.  The 
tempeiature  at  the  same  time  &lls,  according  to  the  decline  of  the 
pressure ;  and  the  temperature  and  pressure  correspond  exactif 
as  if  steam  were  generated  by  the  application  of  heat  to  the  water 
under  a  given  pressure. 

The  corresponding  pressures  and  tempezatures  may  be  ascer- 
tained referring  to  a  table  of  the  properties  of  saturated  steam, 
and  the  quantity  of  steam  that  may  be  spontaneously  generated 
during  the  iall  of  the  temperature  may  be  calculated  with  exact-, 
ness.  For  example,  suppose  a  pound  of  water,  heated  to  the 
temperature  of  445^  F.,  necessarily  under  the  corresponding  total 
pressure,  400  lbs.  per  square  indit  and  cooled  to  the  ten^paatine 
sSz^  F.,  corresponding  to  tiie  total  pressure,  so  lbs.  per  square 
tnch«*  The  quantity  of  heat  disengaged  is  measurable  by  the  fall 
of  temperature  (445*^  —  281°  =)  164^,  and  for  a  pound  of  waterthe 
loss  of  heat  is  164  units.  The  heat  so  disengaged  is  available  for 
evaporating  water — in  fact,  a  portion  of  the  heated  water  itself— 
into  steam.  Now,  the  total  heats  of  the  two  aicauis  are  as 
follows : — 

Total  heit  in  i  lb. 
of  tt«am  from  o"  F. 
Tot*]  pvctture.      Tonparmtinte.   Uniti  (ordegreci).  DiffBr»o& 

400  lbs.     ...     445°     ...     1*249  ^^4" 

5olbs.     ...  .  28f     ...     1,199     ...  01*^ 

(Mean)  225  lbs.     ...      —      ..        —       ...  861'' 
•  See  Manual  0/  Rules t  'Tables^  and  Data,  1877,  page  387. 
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The  mean  diiSereiicti^  or  excess  of  heat  in  the  steam  above  the 
sensible  heat,  is  861°,  or  861  units  for  t  lb.  of  steam ;  and  as  the 
quantity  of  heat  disengaged  by  i  lb.  of  water  in  falling  from  445° 
to  281°  is  164  units,  there  are  required  (861  164  —)  5*25  lbs. 
of  the  heated  water  to  supply  heat  sufficient  to  evaporate  i  lb.  ot 
the  heated  M'ater.  That  is  to  say,  out  of  5*25  lbs.  of  healed  water 
I  lb.  is  cw^ijuratcd  "  spontaneously."  In  round  numbers,  one- 
titth  uf  the  heated  water  is  evaporated  during  the  fall  of  tempera- 
ture from  445'  to  281*^.  By  a  similar  calculation,  it  is  found  that 
the  proportional  quantities  of  heated  water  evaporated  in  falling 
to  the  temperature  281"^,  and  total  pressure  50  lbs.  per  square  inch, 
from  other  temperatures  and  pressures,  are  as  follows  : — 


Falling  to  Total  Final  Pressure,  50  lbs.  per  square  inch* 


Total  initial  pressure 
in  11m.  per  ■quant  inch. 

400  lbs. 

loitial  tem- 
perature. 

445" 

Doe  pound  of  water 
evaporated  ia 

5*25  lbs.  of  heated  water. 

430 

»* 

300 

418' 

...  6*35 

p* 

250  „ 

4or 

7'3> 

f» 

2CX)  ... 

382^ 

...  874 

«» 

ISO  t» 

358^ 

11*60 

»t 

100  tt 

328' 

:9*2o 

It  may  be  said  that,  in  round  numbers,  a  fifth  of  the  heated 
water  is  evaporated  in  falling  from  a  total  pressure  of  400  lbs. 
per  square  inch  to  50  lbs.  per  square  inch,  and  that  a  ninth 
is  evaporated  in  failing  &om  200  lbs.  to  50  lbs.  per  square 
inch. 

Without  going  further,  it  is  obvious  that  between  the  limits  of 
400  lbs.  and  200  lbs.  initial  pressure  in  the  reservoir,  worked 
down  to  50  lbs.,  a  quantity  of  water,  in  round  numbers,  from  five 
to  nine  times  the  quantity  of  water  that  can  be  converted  into 
steam,  must  be  constantly  carried  on  the  engine : — a  tax  by  which 
engines  constructed  on  this  principle— the  principle  of  spontaneous 
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evapofation— are  unfitted  for  taking  the  place  of  ordinary  steon- 
locoroodves  for  work  in  the  open  air. 


COCRERBLL. 

An  instructive  practical  trial  was  made  in  June,  1874,  by  the 
Socit?te'  J.  Cockerell,  of  Seraing,  in  Belgium,  with  one  of  their 
locomotives  of  the  class  designed  for  indoor  service.*  The  boiler 
was  vertical,  6^  feet  high,  and  had  two  transverse  water*tubes  in 
the  fire-box  ;  \Vx  ( himney  rose  direct  from  the  fire-box,  passing 
upwards  through  the  steam-space.  The  boiler  was  not  clad  on 
the  lower  half  of  it,  nor  on  the  top,  which  was  3  feet  in  diameter. 
There  were  two  cylinders,  8  inches  in  diameter,  with  a  io*inch 
stroke ;  four  coupled  wheels,  24  inches  in  diameter,  5  feet  apart 
between  centres,  to  a  gauge  of  4  feet  \  i  inches.  The  total  capacity 
of  the  boiler  was  35  cubic  feet.  The  weight  in  working  order  was 
8}  tons ;  say,  with  four  or  five  men,  9  tons. 

First  Mxperimenin^tht  locomotive  at  rest  in  the  open  air. 
Twenty-five  cubic  feet  of  cold  water  was  measured  into  the  boiler. 
The  fire  was  lit,  and,  in  the  course  of  2\  hours,  steam  was  got  up 
to  10  atmospheres  effective.  The  water  level  rose  1*38  inches 
in  the  glass,  corresponding  to  a  dictation  of  (1*38  x  '78 
1*076  cubic  feet,  or  t-33rd  of  the  initial  volume,  passing  from 
the  temperature  54°  F.  to  365*"  F. 

The  fire  was  then  extinguished,  and  the  grate  was  withdrawn. 
The  chimney  was  hermetically  sealed  at  the  upper  end.  The  fire- 
door  was  simply  closed ;  there  was  no  closure  for  the  ash-pan. 
The  weather  was  fine,  the  temperature  was  77^  F.  in  the  shade, 
and  at  5  p.m.  the  locomotive  was  left  to  itself  when  the  initial 
effective  pressure  was  9*40  atmospheres. 

*  Annales  IndustrielUst  Febniaiy  7, 1875,  col.  175. 
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JLocomottve  at  ResL   Initial  EJtctwe  Pressure  9* 40  Atmospheres, 


Time  eUptod. 


Fmll  of  prMwuvt. 


h. 
o 
o 
o 
o 

I 

I 

I 

I 

2 
2 

2 

2 

3 

3 

4 
16 


10  (5  P.M.) 

^5 
30 

45 

o 

15 
30 

45 

o 

J5 
30 

45 

o 

15 

15  {9.15  P.M.) 
O  (9  A.M.) 


AtnvxphcrM* 
000 
I  30 
2*40 

3*40 
4-80 

5*35 
5'8o 

6' 20 

6'6o 

7-30 
7-60 

840 
9*40 


Vah  of  level. 


Inrhn. 

o-oo 

0-  39 

0*67 
0*91 

T-IO 

1-  26 

r6i 

1-73 
1-81 

''03 
205 
2'2I 
2*68 

3'27 


At  the  commencement  of  the  observations^  when  the  effective 
pressure  was  9*40  atmospheres,  the  boiler  contained  24*07  cubic 
•feet  of  water  as  at  54*^  F.  At  the  time  of  the  last  observation, 
when  the  pressure  had  fiUlen  to  atmospheric  pressure,  and  the 
boiler  was  cool  enough  to  permit  of  the  hand  being  laid  upon  it, 
the  quantity  of  water,  as  at  54"^  F.,  contained  in  the  boiler,  only 
amounted  to  22*54  cubic  feet;  showing  an  apparent  loss  of  1*53 
cubic  feet,  in  16  hours,  at  joints  or  cocks,  ahhough  no  escape  had 
been  apparent.     The  provision  against  cooling  was  not  con- 
siderable.   The  surface  of  the  fire-box  in  free  contact  with  air, 
amounted  to  49  square  feet;  that  of  the  chimney  3'  s(iuare  feet. 
It  rnay  be  notccl  tliat  whilst  the  pressure  fell  rapidly  at  the  com- 
mencement, it  fell  less  rapidly  as  it  became  lower. 

Sfcotii/  Expcnmriit. — The  locomotive,  alone,  was  run  to  and 
fro  upon  a  piece  uf  railway  552  yards  in  length,  consisting  of  two 
straight  pieces  connected  by  a  slight  curve.  The  line  was  nearly 
level ;  it  had  a  slight  gradient  of  about  1  in  400,  at  one  end.  It 
was  in  good  order,  but  it  contained  several  points  and  crossings. 
Steam  was  got  up  to  a  pressure  of  upwards  of  10  atmospheres 
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effective,  in  2\  hours  after  lighting  the  fire.  The  fire  was  then 
drawn,  and  the  mouth  of  the  chimney  was  hermetically  sealed 
around  the  exhaust-pipe,  which  was  prolonged  upwards  throuLh 
the  chimney.  The  circulation  of  cold  air  through  the  boiler  was 
thus  prevented.  The  fire-door  ^-as  closed  ;  but  the  ash-pan  was 
left  open.  The  cylinder-cocks  were  open  for  some  time  at  start- 
ing, and  the  steam  was  cut  on  at  80  per  cent,  of  the  stroke. 
Biiring  the  journey  the  steam  was  cut  oft'  at  60  or  70  per  cent 
During  the  last  run,  the  maximum  admission  for  steam  was  required, 
with  the  regulator  wide  open.  Four  or  five  men  were  carried  on 
the  engine. 

There  was  a  slight  wind  blowing,  and  to  neutralise  the  drcum- 
stances  of  wind  and  gravity  as  far  as  possible,  the  engine  was  nin 
to  and  firo  several  times.  The  effective  pressure  at  the  commence- 
ment amounted  to  10*30  atmospheres  j  there  were  34*91  cubic  feet 
of  w  Iter,  as  at  Y.,  in  the  boiler;  and  of  steam  10  cubic  feet. 
At  the  end  of  the  last  return  trip,  the  effective  pressure  was  i 
atmosphere ;  there  was  2 1  *66  cubic  feet  of  water,  as  at  54°  F., 
and  15-29  cubic  feet  of  steaxn.  The  total  fall  of  pressure  was, 
therefore,  9  atmospheres,  and  the  quantity  of  water  consumed  was 
3*35  cubic  feet  The  following  are  the  results  of  the  experi- 
ment : — 


tocomotive  ahne  in  Motion.   Initial  Effective  Pressure^ 

10*30  Atmospheres, 


Total  dituoce 
nm. 

i    Am«ge  tpeed 
each  Crip. 

F«n  of  prawn. 

Miaates. 

Yardt. 

,   Uiloa  per  boor. 

Atmospheres. 

0 

0 

00 

3 

2'30 

5 

i.ioi 

9*44 

3-80 

7 

1 ,656 

9*44 

5'OS 

9 

2,208 

1  2*44 

bio 

12 

2.760 

6'3i  1 

-•05 

>5 

3.312 

6-31 

7-90 

18 

3.864 

!  6-31 

8-05 

4,416 

1  37« 

9'3o 
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At  the  end  of  the  last  run,  the  engine  was  pushed  home  by  two 
men  for  a  few  yards* 

The  total  distance  run  was  2*5 1  miles,  and  the  water  consumed 
was  at  the  rate  of  (3*35  '^3*51  =)  1*30  cubic  feet,  or  87  lbs.,  per 
mik.  Allowing  an  evaporative  power  of  7  lbs.  of  water  per  lb. 
of  fuel,  the  fuel  consumed,  if  the  steam  had  been  generated  on 
the  journey,  would  have  amounted  to  (S7  -r  7  —)  lbs.  per 
mile;  equivalent  to  (lai-  -h  9  s)  1*40  lbs.  per  ton  gross  per 
mile. 

It  was  observed  that,  though  very  litde  water  or  priming  ap- 
peared with  the  exhaust-steam  when  the  pressure  was  high, 
there  was  a  notable  increase  of  priming  towards  the  end  of  the 
trial,  when  the  pressure  had  fallen. 

T^if  ia^eriment— The  locomodve  with  one  waggon  was  run 
to  and  fio  on  the  experimental  line.  Immediately  ato*  the  last 
experiment,  steam  was  again  got  up  in  the  engine.  In  i  hour 
10  minutes,  an  effective  pressure  of  10  atmospheres  was  got  up ; 
whilst  the  boiler  was  refilled.  The  fire  was  withdrawn,  and  the 
chimney  was  sealed,  as  before.  An  ordinary  waggon,  in  ordinary 
condition,  was  coupled  to  the  locomotive.  The  waggon  had 
4  wheels,  3  feet  3  inches  in  diameter,  at  9  feet  9  indies  apart 
between  the  axles.  It  was  fitted  with  a  screw-brake,  and  its  weight 
with  a  small  load  was  8*80  tons»  The  gross  weight  drawn  was 
as  follows : — 


The  initial  efiective  pressure  in  the  boiler  was  10^  atmo- 
spheres, and  the  final  pressure  was  2*30  atmospheres.  There 

were  24'9i  cubic  feet  of  water  in  the  boiler  at  the  commence- 
ment of  the  trial,  and  2i"9i  cubu  feet  ai  ihe  termination,  alter 
SIX  trips  were  made  ;  showing  that  3  cubic  feet  of  water  were  con- 
sumed on  the  trial. 


Ton*. 


Locomotive 
Waggon  . 


9 

8-8o 


17-80 
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Locomoiive  and  One  \Vaggon  in  Motion.    Initial  Ejfecti*t 
Pressure^  10*50  Atmospheres. 


Total  dbteace 

f  Ml. 

Average  fpcvd 

Fall  ol  prcmtn. 

Yards, 

Mile*  per  hour. 

AtiDoqilKm, 

0 

0 

0 

0 

552 

753 

1-85 

5 

1.104 

7*53 

350 

75 

I.O36 

7'53 

500 

9*5 

2.208 

9-44 

6-25 

12-5 

2,760 

6-31 

7 -30 

155 

631 

b-20 

The  total  distance  run  was  1*90  miles,  and  the  water  was  con- 
sumed at  the  rate  of  (3  -i-  i  90  = ;  i*sS  cubic  feet,  or  99  lbs.  per 
mile;  or,  calculating  as  before,  14  lbs.  of  fiiel  per  mile,  equiva- 
lent to  (14  -r  1 7*80      0  79  lb.  per  ton  gross  per  mile. 

The  performance  of  the  engine  was  more  economical  in  tlK 
last  experiment ;  for  the  addition  of  the  waggon  caused  but  a  small 
addition  to  the  ([uantity  of  water  consumed.  The  comparative 
economy  of  steam  in  the  third  experiment  is  duo  to  the  higher 
pressure  iu(  essarily  employed  in  the  cylinders  to  overcome  tic 
resistaiu  e  of  the  greater  weii,dn  to  be  drawn,  and  to  the  greater 
e<ti<  ten(  y  of  the  steam  in  <  un.se(j[Ut  arc,  against  the  constant  resis- 
tance of  the  atmosphere.  The  following  data  are  derived  from 
the  results  of  the  third  experiment: — 

Avvrage  Consumption  per  Ton  Gross  per  Mile-Run. 

\  of  a  pound  of  cuke  [in  heating  up  the  water], 
pounds  of  water. 

The  disUQce  run  for  these  rates  of  consumption  was  2  miH 
on  a  line  of  railway  practically  level. 

These  results  do  not  compare  advantageously  with  those  of  tbe 
Merryweather  locomotive,  page  501,  where  it  appears  that  this 
engine  consumed  only  \  lb.  of  coke  per  ton  gross  per  m]le,ag«iist 
the  resistance  of  a  tramway,  and  on  inclines ;  whereas  in  the  ex- 
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periment  with  heated  water,  \  lb.  of  coke  is  the  equivalent  of  the 
quantity  of  water  consumed  on  a  railway  nearly  level. 


Fran  eg. 

M.  Ldon  Francq,  in  187  $»  patented  a  fireless  locomotive 
containing  some  improvements  on  Dr.  Lamm's  engine;  The 
reservoir  was  3  feet  9  inches  in  diameter,  and  about  6  feet  8  inches 
long ;  tt  was  filled  for  about  three*fourths  of  its  capacity — 50  to 
60  cubic  feet — with  water;  which  is  put  in  communication  with 
one  or  more  stationary  boilers,  from  which  steam  is  admitted 
through  a  perforated  pipe  into  the  water.   The  steam  in  the 
boilers  bad  a  pressure  of  156  lbs.  per  square  inch  \  the  pressure 
obtained  in  the  reservoir  is  135  lbs.  per  square  inch.   If  the 
communication  were  continued  for  a  sufficient  length  of  time,  the 
pressure  in  the  reservoir  would  become  equal  to  that  in  the  boiler ; 
but  the  rate  of  absorption  of  heat  and  rise  of  pressure  decreases 
gradually  as  the  pressure  is  elevated,  and  for  economy  of  time  it  is 
found  expedient  to  arrest  the  process  of  beating-up  at  a  lower 
limit  of  pressure  and  temperature  than  that  in  the  boilers.  The 
steam  from  the  reservoir  is  admitted  to  an  intermediate  chamber, 
wlicrc  It  is  maintained  at  a  fixed  pressure,  the  device  of  which  is 
adjusted  by  means  of  a  throttle-valve,    l  iicre  is  a  pair  of  vertical 
cylinders,  about  6  iiu  lies  in  diameter,  with  a  stroke  of  about 
12  inches,  which  work  an  intermediate  crank-shaft,  from  which 
the  four  wheels  are  driven  by  outsid.e  coupling-rods.    The  wheels 
are  about  26  inches  in  diameter,  and  the  two  axles  are  at  a 
distance  of  4J  feet  apart.    By  a  system  of  doul)le  frames,  the 
passage  over  curves  was  facilitated.    The  locomotive  was  con- 
trolled by  a  brake  having  eight  blocks,  which  were  applied  to  the 
wheels  successively.    The  stopping  was  thus  effe<  ted  promptly 
and  without  shock.     The  exhaust-steam  was  delivered  into  two 
air-surfcvce  corKlcn^ers,  one  on  each  side  of  the  car,  each  con- 
sisting of  a  group  uf  small  copper  tubes.    It  was  in  contemplation 
to  apply  three  cylinders  to  work  as  compound  cylinders.  The 
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locomotiye  was  heavy :  it  weighed,  eiiipty»  6*50  tons  \  full, 
8*30  tons. 

In  trials  of  this  engine  an  the  tramway  between  Saint-Angosdn 
and  the  Boulevard  Bineau — a  distance  of  %\  miles — drawing  one 
omnibus  of  3  tons  weight,  with  eight  passengers— it  was  observ^ed 
that  the  pressure  in  the  reservoir  fell  from  156  lbs.  per  square  inch 
to  50  lbs,,  during  the  double  trip  of  5  miles.  For  the  first  ten 
minutes  of  the  service,  no  exhaust-steam  was  visible  from  the 
engine;  hoXt  afterwards,  a  considerable  quantity  of  steam  escaped, . 
and  proved  an  annoyance  to  the  passengers  who  travelled  in  a 
following  car  drawn  by  horses. 

In  the  more  recently  designed  engines  on  M.  Fiancq*s  system, 
constructed  by  M.  Cail,  the  wheels  were  %\  feet  in  diameter,  and 
the  axles  were  4  feet  3  inches  apart,  that  the  engine  might  pass 
easily  over  curves  of  15  metres,  or  49  feet  radius.  The  cylindrical 
reservoir  was  of  steel  plate,  '56  inch  thick,  and  was  i  metre  in 
diameter  and  a  metres  long,  or  5*28  by  6*56  feet  The  authorised 
limit  of  pressure  was  213  lbs.  per  square  inch,  nearly  fifteeo  atmo- 
spheres. The  reservoir  was  coated  with  cork  and  wood.  The 
regulator  was  so  arranged  that  the  driver  might  fix,  before  starting, 
the  maximum  pressure  of  the  steam  upon  the  pistons ;  and  that,  at 
the  same  time,  he  might  reduce  the  pressure  below  the  maximum, 
according  to  the  requirements  of  the  engine.  The  steam  was 
exhausted  into  a  cast-iron  box,  and  thence  into  a  condenser,  dis- 
posed on  the  surface  of  the  reservoir,  before  escaping  into  the 
atmosphere. 

The  advantages  formally  claimed  for  M.  Francq's  locomotive 
are :  i.  The  production  of  steam  at  a  low  cost,  in  a  fixed  boiler, 
using  coal  as  it  comes  from  the  mine.  2.  Reduction  of  dead 
weight,  since  no  fuel  is  conveyed  on  the  engine .  3.  Employ i.ici.i 
of  a  liigh  pressure  for  ascending  inclines,  and  no  escape  of  steam 
in  descending  inclines.  4.  lleduction  of  the  number  of  attend- 
ants, a  single  man  being  able  to  conduct  the  engme  and  keep  a 
look  out. 

The  cost  for  engine-power  by  this  system  on  the  Rueil-Marly 
Tramway,  in  Fiance,  4*54  mdes  in  length,  is  here  given  in  detail, 
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according  to  a  statement  by  M.  Gaune,  the  manager  of  the  line, 
made  in  February,  1S80  : — 

Cost  for  Ixaction  per  Month  (Francq). 


PsrMoatb. 

Coal  in  stationaiy  boiler  for  supplying  hot  water.  Fiaac*. 

1,553  kilogrammes  per  day,  per  tonne   •      .   @  29  fr.  1,357 

Oil,  7-50  kilos,  per  day  ,  no  fr.  247  5 

Tallow,  183  kilos.  „  i  iofr.  60 

Waste,  182  kilos.   ,  "3^  fr.  17  40 

Brooms  

White  and  red  lead,  43*20  kilos,  per  year  .     .  „  '90  fr.  3 

Fire-bars,  6}  per  month   f  7 

Spun  yam,  3*60  kilos,  per  year  ....  0.3 

Tiles    .   13 

Packing,  &c   13 

Tube-brushes   4 

Foreman's  wages,  halt  for  traction,  275  fr.  ^  a—  M7'5 

Firemen,  i  day  and  2  night,  per  day  .      .      .  „  5*5  fr.  330 

3  fitters,  per  hour  »*  '55  fr<  49s 

I  fitter  for  stationary  boilers     ....  165 

1  smith  and  x  stoker,  9  i— 5th  of  their  time  59 

3  driver^;  2  @  6  fr.,  I  „  6'66  fr.  560 

\  firemen  on  eng^ines  m  4  fr.  360 

2  spare  firemen   270 


4.1167 

The  books  from  September  S.  i8;8,  to  February 

9,  1880  ('14  months),  show  an  expenditure  of 

724-90  fr.  lor  renewal  of  engines,  or  per  month  60 
Also  1,400  fr.  per  year  for  tyres,  or  per  month   .  *  117 

Total  for  working  and  repair     .  4*2937 


The  total  length  run  per  month  was  10,455  kilometres,  or  6,534 
miles ;  and  this  sum  is  at  the  rate  of  6*5  7d»  per  mile  run,  of  which 
4*9id.  is  running  expenses,  and  i*6od.  for  repairs.  Allowing  a 
sinking  fund  for  the  repair  and  renewal  of  the  stationary  boilers, 
the  total  chaige  is  estimated  to  amount  to  7*38d.  per  mile  run. 
The  way  is  laid  on  one  side  of  the  highway,  and  consists  of 
Vignoles  rails  on  sleepers  in  ballast   It  is  not,  therefore,  a  tram- 
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way  as  usually  understood  :  the 
rails  are  plain,  and  the  resis- 
tance of  the  way  may  be 
averaged,  as  a  maximum,  at 
15  lbs.  per  ton-gross,  or  half 
tlie  resistance  of  the  grooved 
tramway  ;  except  on  the  Port 
Marly  incline,  \\  miles  long, 
averaging  i  in  25  gradient,  on 
which  the  rails  are  of  an  ord; 
nary  grooved  section.  The 
engines  weigh  6^  tons  empt)', 
and  8*30  tons  in  working  order. 
Taking  3t  4»  or  5  cars  with 
passengers,  averaging  17  toos, 
the  gross  weight  moved  is» 
say,  2$  J  tons.  The  fuel  is  con- 
sumed at  the  rate  of  15^  U». 
per  mile  run,  or  *6t  lbs.  per 
ton-gross  per  mile,  equivalent 
to  twice  as  much,  or  1-22  lbs. 
per  ton«gross  per  mile  on  t 
grooved  tramway. 

The  fireless  locomotives, 
Figs.  3x3  and  313,  more  lately 
designed  by  Messrs.  Francq  & 
Mesnard  for  the  service  of  the 
Metropolitan  RaOwayof  Fan^ 
have  a  cylindrical  reservotfi 
having  segmental  ends,  sboot 
5  feet  7  inches  in  diaineter, 
26^  feet  in  length,  with  * 
capacity  of  about  620  Ci^ 
feet  Four-fifths  of  the  capoci^ 
is  occupied  by  water,  which  is 
heated  by  the  aid  of  a  poweiiul 
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jet  of  steam  supplied  from  starionary  boilers.   The  water  is  heated 
up  until  equilibrium  of  pressure  is  established  between  the  boiler  and 
the  reser\'oir.  The  temperature  is  raised  to  al)OUt  390^  Fahr..  corre- 
sponding to  15  atmospheres  total  pressure,  or  225  lbs.  per  square 
inch.    The  steam  from  the  reservoir  is  passed  through  a  reducing 
valve  by  which  the  steam  is  reduced  to  the  required  working  pres- 
sure. It  is  then  passed  through  a  tubular  super-heater  situated  within 
the  receiver  at  the  upper  part,  and  thence  through  the  ordinary  regu- 
lator to  the  cylinders.    The  exhaust-steam  is  expanded  to  a  low 
pressure  in  order  to  obviate  noise  of  escape.   In  certain  cases  the 
exhaust  steam  is  condensed  in  closed  vessels,  which  are  only  in 
part  filled  with  water.    In  the  upper  ^ree  space  a  pipe  is  placed 
into  which  the  steam  is  exhausted.    Within  this  pipe  another  pipe 
is  fixed,  perforated,  from  which  cold  water  is  projected  into  the 
surrounding  steam,  so  as  to  effect  ^e  condensation  as  completely 
as  may  be.  The  heated  water  falls  on  an  inclined  plane,  and  flows 
off  without  mixing  with  the  cold  water.  The  condensing  water  is 
circulated  by  means  of  a  centrUugal  pump,  drivenby  a  small  three- 
cylinder  engine. 

In  working  off  the  steam  from  a  pressure  of  15  atmospheres  to 
4^  atmospheres,  530  cubic  feet  of  water  at  390''  Fahr.  is  sufficient 
for  the  traction  of  the  trains,  for  working  the  circulating  pump 
for  the  condensers,  for  the  breaks,  and  for  electric  lighting  of  the 
train.  At  the  stations  the  locomotive  takes  from  3,soo  to  3,300 
pounds  of  steam,  nearly  the  same  as  the  weight  of  steam  consumed 
during  the  run  between  two  consecutive  charging  stations.  There 
is  a  ZD  cubic  feet  of  condensing  water.  Taking  the  initial  tempera- 
ture at  60^  Fahr.,  the  temperature  rises  to  about  180^  Fahr.  after 
the  longest  runs  underground. 

The  locomotive  has  ten  wheels,  on  a  base  34  feet  long ;  of  which 
six  are  coupled,  4^  feet  in  diameter.  .  The  extreme  wheels  are  on 
radial  axles.  The  cylinders  are  23^  inches  in  diameter,  with  a 
stroke  of  23^  inches. 

The  engine  weighs,  in  working  order,  5  3  tons,  of  which  36  tons 
are  on  the  coupleil  wheels.  The  speed  varies  irom  15  miles  to 
25  miles  per  hour.    Tiic  trams,  weigh  abuuL  140  tons. 

L  L 
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CoMPRESSEi>AiR  engines  necessarily  derive  their  power  at  second* 
hand;  and  they  therefore  work  at  a  disadvantage,  in  point  of  effi- 
ciency, compared  with  steain*locomottves,  in  which  the  force  is 
generated  and  expended  shnultaneousiy.  A  su])ply  of  air,  previ- 
ously compressed,  is  taken  in  by  the  propelling  engine,  and  it  is 
gradually  dispensed  to  the  working  cylinders,  where  it  works  by 
expansion,  and  from  which  the  force  is  transmitted  to  the  driving- 
wheels  by  mechanism  similar  to  that  of  a  stcam-lotomotive.  If 
the  reverse  actions — of  compressing  the  air,  and  working  ii  hy 
exi'Unsion — could  he  niauc  lu  take  place  between  the  same  lemj^Tu- 
tures,  pressures,  and  vohmies,  tlie  work  by  expansion  would  be 
an  exact  diij^Hcate.  in  reverse,  of  the  work  expended  for  com[>res- 
sion  ;  and  tlie  efh<  ienty  of  the  combined  compressor  and  motor 
would  he  eiiual  to  ICO  per  cent.,  irrespective  of  losses  by  friction 
and  rlearance.  But,  under  practical  conditions,  the  initial  tem- 
perature for  expansion  is  not  more  than  that  of  the  surrounding 
atmosphere;  and  in  working,  by  expansion,  back  to  atniosjiher.'' 
pressure,  even  between  the  same  extremes  of  pressure,  the  volumes 
are  smaller,  since  the  temj^eratures  are  lower.  The  erticiency  must, 
therefore,  lie  less  than  loo  per  cent. 

When  air  is  compressed  mechanic  ally,  the  temperature  is  raised; 
and,  if  none  of  the  heat  so  generated  be  pernntted  to  escape,  the 
air  would  be  "  adiabatically  '  compressed.  If  air  be  subjected  to 
compression,  so  that  the  pressure  be  doubled,  trebled,  &C.,  or  so 
that,  taking  the  initial  pressure,  at  62^^,  as  i — 
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the  relative  pressures  are  as    2,      3,      4,      5,  10; 
the  final  temperatures  are    178^,  258',  32 373°,  559*^. 
It  may  ])e  noted  here  that,  taking  the  initial  temperature,  62°,  as 
I,  the  final  temperatures  are,  vrn-  roughly,  as      3,    4,    5,    6,  9. 

In  practice,  as  wn^  said,  the  air  cannot  be  employed  at  these 
high  temperatures.  It  is,  in  fact,  cooled  ilown  by  radiation  and 
conduction,  to  the  temperature  of  the  surrounding  atmosphere, 
before  it  is  applied  to  do  work.  The  loss  of  efficiency  by  the 
intermediate  fall  of  the  temperature  of  the  compressed  air  from  the 
absolute  temperature  t\  due  to  the  compression,  to  the  absolute 
atmospheric  temperature  r,  is  simply  the  proportion  which  this  fall 
(jj' — t),  bears  to  the  higher  temperature  t".  It  is  so,  because  the 
volume  is  as  the  absolute  temperature  t",  and  the  loss  of  tempera- 
ture (t"  — t),  indicates  the  loss  of  volume  by  contraction,  under 
the  same  pressure.  For  instance,  in  compressing  dry  air  at  to 
two  atmospheres  of  pressure,  in  a  non-conducting  vessel,  the 
temperature  is  raised  to  178^,  and  the  fall,  in  reverting  to  62°,  is 
(i  78  —  63  1 16**.  The  loss  of  efficiency  due  to  this  decline  of 
temperature,  is  the  proportion  of  x  16^  to  (461^  +  178"  639% 
the  maximum  absolute  temperature,*  thus : — 

(461  +  178  =  )  639* 

(461  -f  62  =  )  523* 

Difference,  or  loss,  1 16*^  =  18  per  cent,  of  the  maximum  absolute 

temperatiure. 

Lea\'ing  523^  =  82         do.         do.  do. 

The  reduced  efficiency  here  is  8a  per  cent.  Take  other 
examples : — 

For  ratios  of  pressure^  or  atmospheres, 

2»       3»       4f       5»  10* 

*  Absolute  temperature  is  an  expression  signifying  the  measure  of 
total  heat  in  a  body,  as  from  the  bottom  of  the  scale  of  temperature. 
The  zero  of  the  scale  of  absolute  temperature,  or  the  point  of  no* 
heat,  is  461  degrees  below  the  zero  point  of  the  Fahrenheit  scale  ; 

and  to  find  the  absolute  temperature  for  any  temperature  indicated 
by  the  thermometer,  461"  are  added  to  the  indicated  temperature. 
For  instance,  the  absolute  temperature  for  62°  F.  is  (461  -i-  62  =)  523*. 
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the  final  temperatures  for  compression  are 

178^    258^   321^    373  ,    55'/ F.; 
and  the  losses  of  temperature,  by  the  fall  of  the  temperature  to 
62^,  the  initial  temperature  for  expansion,  are 

116*     196,    259^     31 497*=; 
whilst  the  reduced  efficiency  is 

82,      73,      67,      63,       51  percent; 
and  the  loss  of  efiiciency  is 

18,      27,      33,       37,        49  per  cent. 
Thus,  it  is  obvious  that  the  lower  the  degree  of  compression 
.ipi)lie(l  to  ihc  .iir,  the  less  is  tiie  rise  of  temperatuic,  the  less  is 
the  loss  of  heat  by  dissipation,  and  the  greater  is  the  efhcient)  of 
the  machine. 

As  air  under  adiabatic  compression  may  rise  to  temperatures 
which  are  impracticable,  so  air  under  adiabatic  expansion —that 
is,  expanded  behind  a  piston,  in  a  non-conducting  cyhnder — may 
fall  to  temperatures  which  are  impracticable. 

Thus,  when  the  initial  temperature  is  62S  for  ratios  of  adiabatic 
expansion, 

2.  3.  4»  5»  10. 

the  final  temperatures  are, 

-33^      -81",  -133^  -ly.V. 

It  is  clearly  as  impracticable  to  work  a  compressed-air  engine 
in  such  low  temperatures,  when  every  particle  of  moisture  and 
lubricant  would  be  frozen,  as  amongst  the  high  temperatures 
previously  noticed.  Expedients  are,  therefore,  employed  for  keeping 
the  rise  of  temperature,  during  the  compression  of  air,  within 
feasible  limits ;  and  for  limiting  likewise  the  fall  of  temperature, 
during  the  expansion  of  compressed  air.  The  former  is  effectivety 
done  by  surrounding  the  compressing  pumps  with  cold  water,  and 
by  injecting  cold  water,  in  finely  divided  spray,  into  the  mass  of 
air  whilst  undergoing  compression.  Dr.  Colladon  has  probably 
done  more  for  the  improvement  and  perfecting  of  air-compressing 
machinery  than  any  other  operator.  In  the  air-compressing  ma- 
chineiy  at  the  works  of  the  St  Gothard  Ttmnel,  at  Airolo,  arranged 
by  Dr.  Colladon,  it  has  been  found  by  experiment  that,  by  the 
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meaii.^  above  indicated,  the  rise  of  temperature  of  air,  even  when 
the  air  is  condensed  under  a  pressure  of  ten  atmospheres,  was 
limited  to  from  36'^  to  54^  F,  The  pisi<  ii>  had  a  stroke  of  I7'3 
inches,  and  they  made  from  120  to  180  strokes  per  minute,  giving 
speeds  of  piston  of  over  260  feet  per  minute.  A  (juantity  of  cold 
water,  equal  in  volume  to  i-i, 000th  of  the  volume  of  the  stroke, 
was  injected  during  each  stroke. 

The  clearance  space  at  each  end  of  an  air-compressing  cylinder 
affects  very  sensibly  the  yield,  or  rendement,  of  compressed  air,  by 
reducing  it,  to  some  extent,  below  the  total  volume  of  the  stroke, 
or  the  space  described  by  the  piston  for  one  stroke.  This  effect— 
the  reduction  of  yield — is  obviously  due  to  the  fact  that  the  com- 
pressed air  left  in  the  clearance-space,  after  the  stroke  of  the 
piston  is  completed,  expands  upon  the  piston  as  it  recedes,  and  so 
far  monopolises  the  cylinder,  to  the  exclusion  of  a  fresh  supply  of 
air,  until  its  pressure  falls,  in  due  course,  to  an  equality  with  that 
of  the  atmosphere.  The  leducdon  of  yield,  by  this  cause,  increases 
as  the  pressure  of  compression  is  increased.  In  a  series  of  obser- 
vations made  at  Airolo,  with  the  pumps  already  mentioned,  having 
a  stroke  of  17*3  inches,  with  a  cleaiance>space  i-8oth  of  the 
volume  of  the  stroke,  making  64  turns  per  minute,  the  yield  in 
weight  of  air  was  only  78  per  cent,  in  compressing  air  in  the 
reservoir  by  the  pump,  firom  6  atmospheres  to  7  atmospheres^  At 
higher  pressures  the  yield  became  still  less,  as  follows : — 


In  peiforming  work  with  compressed  air,  on  the  contrary, 
accompanied  by  expansion,  the  fall  of  temperature  is  to  be 
checked,  that  it  may  be  prevented  from  fidling  to  or  below  the 
freezing  point.  There  is  a  wdl-known  practical  difficulty  in  work- 
ing compressed  air  expansively.  The  extreme  &11  of  temperature 
causes  the  freezing  of  moisture  and  the  hardening  of  lubricants 


Yield,  ia  weight  of  dr. 


From  6  to  7  atmospheres 


„  7  to  8 
*.  8  to  9 
„  9  to  to 
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aijoul  ihe  mechanism,  i  ut  tins  reason,  the  working  of  air  cxjxm- 
sively  is  confined  to  narrow  Hnnits;  and  the  air  is  admitted  to  the 
cylinder  for  nearly  the  whole  of  the  stroke,  that  the  cooling  which 
results  from  ex{)ansion  upon  a  piston  may  be  reduced  to  a  mini- 
mum. The  most  efficacious  means  of  checking  the  fall  of  tem- 
perature, and  mitigating  the  inconveniences  of  it,  is  to  saturate  the 
compressed  air  with  moisture  or  vapour.  According  to  the  inves- 
tigations of  M.  Mallard,  the  following  are  the  ratios  oi  exjunsion 
t )  which  dry  air,  and  air  saturated  with  vapour  or  moisture, 
lespectively,  may  be  worked  before  they  fall  to  the  tempeiature 

Expansion  op  Air  Dry  and  Moist. 


TempenturM. 


Ratio  of  expansion. 


Final. 


F«lir. 

K 

K 

32' 
32^ 

K 

K 
32' 

32' 


loitUL 


Fahr. 

60" 

68" 

80" 

100" 

110* 
120^ 
130^ 
140* 


Drjr  air. 


Ratio. 
I  "05 
I  13 

1*23 

1-28 

1*30 

1-37 
J'47 
1-57 
1*67 
176 
1-88 
2*00 


Air  with  sui&cicst 
moittuic  or  1 


Ratio. 
l-IO 

1-24 

1-38 
1-41 

1*50 

1-56 

1-75 
200 

2*28 

263 

J- 00 

345 
4*00 


As  the  steam  is  condensed  during  expansion,  the  heat  that  is 
libented  is  absorbed  by  the  air. 

It  was  teen  that  when  the  compression  of  air  was  carried  to 
10  atmospheres,  the  efficiency  for  working  in  a  compreased^ir 
engine  was  only  51  per  cent.  Add,  that  the  efficiencies  of  the 
n^achines  themselves — the  compressor  and  the  power  engine— aie 
factors  for  the  calculation  of  their  resultant  efficiency,  and  if  the 
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efficiency  of  each  machine  be  taken  at  80  per  cent.,  the  combined 

percentage  of  the  two  machines  is       -^^  ?°-  =  ^  64  per  cent,,  or 

about  two-thirds ;  and  64  per  cent,  of  5 1  per  cent,  is  33  per 
cent.,  the  resultant  efficiency  of  the  combined  compressor  and 
engine,  working  to  10  atmospheres.  Similarly,  it  is  found  that 
the  resultant  efficiency,  working  to  a  atmospheres,  is  52  per 
cent.    The  less  the  degree  of  compression,  the  greater  is  the 
efficiency,  because  the  less  is  the  proportional  loss  from  the 
intermediate  reduction  of  temperature.    In  general  practice,  the 
resultant  efficiency  rarely  exceeds  30  per  cent.    But,  to  give 
a  character  of  precision  to  the  relations  of  the  first  power  and 
the  final  performance,  the  lonuwiiiL;  arc  the  resultant  elhcicacies, 
deduced  from  acturd  experiment,  of  16-inch  cylinder  air-com- 
pressing engines,  and  lo-inch  cylinder  compressed-air  engines, 
cutting  off  at  3-4th?,  constructed  by  Messrs.  John  Fowler  6:  Co. 
for  Sir  George  Ellioi — at  work  at  Powell  DuftVyn  Collieries.  The 
air-compressing  cylinders  were  immersed  each  in  a  cold-water  bath, 
open  at  the  upper  side.    The  resultant  efficiency  is  iiere  expressed 
by  the  ratio  of  the  brake-power  of  the  compressed-air  engine  to 
the  indicator-power  in  the  steam-cylinder  of  the  air-compressing 
engine    : — 

Effective  i)ressure  of  air  in  receiver: — 40*0,  34*0,  38*5,  24, 
19  lbs.  per  s(jnare  inch. 

Indicator  horse-power  in  the  steam-cylinder 59  4,  46'2,  35'8f 
25-8.  11-8  I.H.P. 

Kesultant  efficiency :— 35*8,  27'!,  28*5,  34*9,  45*8  per  cent. 


MfiKARSKi. 

Early  in  1876,  a  tramway  car,  propelled  by  compressed  air,  was 
constructed  by  M.  M^caiski,  and  tried  on  the  Courbevoie  line  of 

*  The  substance  of  this  chapter  on  the  principles  and  the  action  of 
compressed-air  motors  is  derived  from  the  author's  Manual o/Ruies, 
Tables »  and  Data  (187;),  pages  898—914. 
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the  Tramway  Nord,  in  Paris.    The  car  is,  in  general  oiitlinc,  on 
the  inoiiel  ot  tlie  cars  of  ihc  Comi^agnie  des  Tramways.  The  body 
is  1 1  i-  feet  long,  .ind  ac(  ommodatc^  twenty  passengers  inside  :  there 
is  also  room  for  fourteen  |»assen'j -  r.-Hsiiie,  on  a  s[>acioiis  pLitiorm 
at  the  rear.    Compressed  air,  ot  25  atmos[)lieres,  is  stored  in  eight 
cylindrical  reservoirs  of  plate-iron,  from  12  to  16  inches  in 
diameter,  placed  transversely  underneath  the  carriage,  and  con- 
nected together.    They  are  in  two  separate  series.    The  capacky 
of  the  principal  series  is  52  cubic  feet,  and  that  of  the  second, « 
reserve  scries,  is  17  cubic  feet.    An  upright  reservoir,  14  inches  in 
diameter  and  about  5  feet  in  height,  is  placed  at  the  fore  end  o( 
the  car,  is  three-fourths  filled  with  water  heated  to  340^  F.,  cor-  1 
responding  to  a  pressure  of  103  lbs.  per  square  inch  above  the  | 
atmosphere.    The  compressed  air,  as  drawn  off  for  consumptioii,  | 
is  passed  through  this  reservoir,  in  which  it  becomes  saturated  with  j 
vapour.  The  mixture  of  air  and  water  occupies  the  upper  part  of 
the  reservoir.   The  frame  of  the  car  is  of  wrought  iron,  5  feet 
10  inches  wide,  and  18  feet  8  inches  long.   The  car  runs  on  two  1 
pairs  of  wheels  about  28  inches  in  diameter,  and  placed  6  feet  I 
10  inches  apart.  One  pair  of  the  wheels  is  driven  by  a  pair  of 
cylinders,  5  or  6  inches  in  diameter,  with  about  10  inches  of 
stroke.  The  weight  of  the  car  is  4}  tons,  and  with  a  load  of 
30  passengers  the  weight  is  7  tons. 

The  air  is  wiredrawn  to  a  pressure  of  5  atmospheres  for  woHt- 
ing  in  the  cylinders.  M.  M^karski  calculates  that  the  fall  01 
pressure  by  wire-dramng,  from  35  atmospheres  to  5  atmospheres, 
followed  by  the  complete  expansion  on  a  piston  from  5  atmo- 
spheres down  to  atmospheric  pressure,  results  in  an  efficiency  of 
62  per  cent—that  is  to  say,  a  loss  of  38  per  cent ;  and  that  this 
loss  is  compensated  by  the  re-heating  of  the  air  during  expansion 
by  the  intermixed  steam.  The  expenditure  in  thus  re-heating  the 
air  is  only  a  small  proportion  of  the  total  fuel  consumed.  The 
quantity  of  heated  water  supplied  to  the  reservoir  of  the  car  is  1 
about  3  cubic  feet,  at  a  temperature  ol"  j;  {o  F.,  and  the  ar 
returns  with  aLuai  :  cubic  feet  ol  water  at  211  F.,  the  difference 
representing  the  consuniplion  of  about  2  lbs.  of  coal,  whilst 
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fuel  consumed  in  charging  the  reservoirs  with  compressed  air 
amounts  to  33  lbs.  of  coal.  The  cooling  of  the  heated  water,  and 
the  diminution  of  pres  urc  of  tlie  air  in  the  reservoir,  take  place 
simultaneously  in  the  course  of  the  journey  ;  aiul  thus  the  ele- 
ments of  the  mixture  may  be  maintained  in  sensibly  constant  pro- 
portions. It  is  stated  that  the  quantity  of  air  coiibumcd  does  not 
exceed  1 1  cubic  feet  per  mile-run. 

The  Mekarski  car  works  well  as  a  mechanical  engine — free  from 
smoke,  steam,  noise,  and  fumes. 

Mekarski    system  of  propulsion  by  com])ressed  air  was  adopted 
for  working  the  Nantes  tramways,  whic  h  consist  of  a  line  of  tram- 
way 3^  miles  in  length,  4  ieet  8A  inches  in  gauge.  The  line  is  gene- 
rally level.  The  cars  earn,-  19  passengers  inside,  and  12  on  the  plat- 
form at  the  rear.   The  comjiressed-air  reservoirs  are  ])laced  between 
the  frame-plates,  beneath  the  body  of  the  car.     They  are  charged 
with  a  pressure  of  30  atmospheres,  or  450  lbs.  per  square  inch.  The 
pressure  is  reduced  to  from  4  to  6  atmospheres,  or  60  lbs.  to  90  lbs. 
per  square  inch,  for  admission  to  the  cylinders.    There  are  two 
stations  for  compressing  the  air-supply,  at  one  of  which,  the  larger, 
there  are  four  50  horse-power  engines^  of  which  two  are  at  work 
daily.    Each  engine  drives  two  pumps,  by  which  the  air  is 
compressed  successively  to  6  atmospheres   and  30  atmos- 
pheres, stored  in  reservoirs.   From  these,  the  cars  are  charged 
in  twenty  minutes,  the  charge  being  sufficient  for  one  trip. 
The  trip  of  3^  miles  is  run  in  forty  minutes,  making  an  average 
speed  of  5^  miles  per  hour.   The  total  time  per  trip  is  one  hour. 
The  total  cost  for  wages  and  material  for  repair  of  the  work- 
ing plant,  was,  for  the  first  year  of  the  tramway,  I'syd.  per 
mile  run.   Of  course,  the  expenses  for  repair  are  greater  as  the 
plant  becomes  worn  out;  and  the  expenses  may,  it  has  been 
estimated,  by-and-by  amount  to  7)d.  or  8d.  per  mUe  run. 

The  weight  of  the  car,  in  working  order,  is  6  tons ;  and,  allow- 
ing 3  tons  for  passengers  and  attendants,  the  gross  amount  moved 
is  9  tons.  The  cylinders,  two  in  number,  are  5f  inches  in  dia- 
meter, with  a  stroke  of  lo^  inches.  According  to  Sir  Frederic 
Bramwell,  who  reported  on  the  system  at  Nantes,  4}  tons  of  coal 
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are  consumed  by  the  compressini;  engines  per  day,  in  winter,  when 
86  double  trips  are  made  per  da\-.  or  (86  X  2  X  sJ-  =  )  645  miles 
nm  ;  ^vith  a  con.siimi>iion  of  i5'64  lbs.  of  coal  per  mile-run,  or 
I "74  lb.  per  ton-gross  moved  per  miie-nin. 

Two  M^karski  locomotives  were  placed  on  the  Wantage  Tram- 
way in  July,  1880.  and  worked  the  traffic  for  three  months.  The 
engmes  made,  on  ordinary  days,  four  double-trips,  with  one 
passenger-c  ar  ;  and,  on  special  days,  five  double-trips,  frequently 
taking  two  loaded  cars  in  both  directions.  The  initial  pressure 
was  30  atmospheres,  and  each  engine  made  the  double-trip.  5 
miles,  with  one  charge  of  compressed  air,  the  pressure  (ailing  to 
about  5  atmospheres  in  the  battery  of  three  working  reser\-oirs,  and 
to  27  atmospheres  in  the  fourth,  or  reserve  reservoir.  The  pres- 
sure at  which  the  air  was  supplied  to  the  cylinders  seldom 
exceeded  70  lbs.  per  square  inch.  The  speed  of  travelling  on  the 
line  averaged  9  miles  per  hour ;  the  mileage  run  by  two  cars 
amounted  to,  say,  40  miles  per  day,  or,  allowing  for  special  trips, 
an  average  of  42  miles  per  day.  Mr.  G.  Stevenson,  engineer  of 
the  line,  estimated  that  24  cwt  of  coal  was  consumed  per  day  on 
the  compressing  power — an  absurdly  excessive  consumption, 
showing,  evidently,  that  the  means  were  not  properly  proportioned 
to  the  end. 


SCOTT-M  ON  C  K I EFF. 

Mr.  Scott>Moncrieff 's  car,  worked  by  compressed  air,  resembles 
in  appearance  an  ordinary  tramway-car.  The  reservoirs  and 
machinery  are  carried  on  a  frame  below  the  floor  of  the  car.  In 
the  central  portion  the  engines  are  carried.  In  the  car  first  made, 
and  started  for  trial,  about  the  middle  of  1875,  on  the  Vale  of 
Clyde  Tramway,  there  were  six  reservoirs  holding  compressed  air 
— ^threeat  each  end  of  the  car.  The  air  was  supplied  to  the 
reservoirs  at  a  pressure  of  550  lbs.  per  square  inch.  There  were 
two  air-cylinders,  6  inches  in  diameter,  with  a  stroke  of  14  inches. 
The  supply  of  air  was  wire-drawn  before  it  was  admitted  into  the 
<^linders,  and  cut  off  so  that  it  expanded  to,  and  was  exhausted  at 
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atmospheric  pressure.  The  total  weight  ^  the  car  was  6f  tons; 
with  40  passengers,  loi  tons.  Mr.  Scott-Moncrieff  states,  that 
during  a  trial  of  the  car,  lasting  fourteen  days,  on  the  line  between 
Govan  and  Paisley  Toll,  the  reservoirs  were  charged,  after  every 
three-miles  run^  with  compressed  air  having  a  pressure  of  3x0  lbs. 
per  square  inch,  which  was  worked  until  the  pressure  fell  to 
too  lbs.  or  no  lbs.  The  average  pressure  in  the  cylinders  was 
about  ^^\  lbs.  per  square  inch.  Mr.  Scott-Moncrieff  states  that 
his  car  consumed  from  400  to  500  cubic  feet  of  air  as  at  atrao- 
spheric  pressure  per  mile,  and  he  b  of  opinion  that  a  compresstng- 
engine  of  about  1 50  indicator  horse-power  would  be  capable  of 
keeping  up  a  service  of  1,000  miles  per  day. 

Mr.  Scott-Moncrieff 's  engine  resumed  regular  duty  on  the  Vale 
of  Clyde  for  a  few  weeks  in  the  beginning  of  1877.  From  the 
results  of  his  experiments,  he  concluded  that  the  cost  price  of 
working — ^including  drivers'  wages,  lighting,  cleaning — was  be- 
tween 3d.  and  4d.  per  mile-run. 


Beaumont. 

A  compressed-air  car  on  Major  Beaumont's  system  was  con- 
structed by  Messrs.  Greenwood  &  Batley.  The  initial  pressure 
in  the  reservoirs,  which  have  a  capacity  of  65  cubic  feet,  was 
1^0  lbs*  per  square  inch.  This  high  pressure  was  adopted,  for 
it  was  found  that  the  higher  the  pressure  the  greater  was  the  efH- 
dency.  This  conclusion  is  apparently  in  contradiction  to  the 
inclusions  drawn  from  other  experience,  as  well  as  from  the 
eleraenL:ir\-  data  \vriiLh  luvc  aifeadv  been  cor, L>idcr-^ J.  Lui  the 
explanation  l:cs  111  the  use  of  a  conipouad-cngme  of  foar  cylin- 
Ucrs,  in  which  the  air  is  successively  expanded  down  from  an 
initial  pressure  of  1,000  lbs.  per  btjuare  inch,  to  the  pressure  at 
which  the  air  is  exhausted  into  the  atmosphere.  The  volumes  of 
the  cylinder^  successively  are  as  i.  3,  9,  27,  having  a  common 
ratio  of  i  10  3,  and  showing  that  the  air  may  be  expanded  in  the 
engine  as  many  as  27  times.    When  the  pressure  fails  off,  the  first 
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cylirulcr  is  closed  to  the  air,  which  is  then  :urnL\l  on  li.-cct  to  the 
second  cylinder:  again,  on  further  need,  it  closci.1  to  the  second 
cylinder,  and  turned  on  direct  to  the  third,  and  ultimately  direct 
to  tlic  fourth.  As  Mr.  Greenwood  remarks,  the  same  power  uuy 
thus  be  got  out  of  the  engine  under  a  tiecreasing  pressure.  He 
calculated  on  a  loss  of  four-fifths  of  the  steam-power  used  for  o3ni- 
prcssion  ;  but  he  hopes  to  reduce  the  loss  to  two-thirds,  leaving 
one-third  of  the  work  of  the  ?team  as  the  useful  work  done.  The 
horse-power  given  out  per  cubic  foot  of  air  at  t,ooo  lbs.  pressure 
is  under  5  horse-power.  The  engme  above  noticed  has  nir 
6A  miles  with  a  load  of  4  or  5  tons  ;  but  Mr.  Greenwood  considers 
that  with  a  reservoir  oi  100  cubic  feet  of  capacity,  fully  charged,  a 
run  of  ten  miles  could  be  made.  The  weight  of  such  an  ei^e 
would  be  from  4  to  4^  tons. 

The  four  compounded  cylinders  have  been  replaced  by  two  sets 
of  compound  cylinders,  two  to  each  set,  in  each  of  which  sets  the 
air  »  expanded  from  the  first  cylinder  into  the  second.  The 
temperature  of  the  expanding  air  is  maintained  to  a  greater  or  less 
degree  by  the  external  appUcation  of  heat  in  a  steam-jacket.  An 
engine  of  this  constiuction  was,  in  1881,  at  work  on  trial  on  tbe 
Leytonstone  extension  of  the  North  Metropolitan  Tramway, 


Hughes  and  Lancaster. 

From  the  results  of  trials  made  by  the  author  with  one  of 
Messrs.  Hughes  &  Lancaster's  low-pressure  compressed-air 
tram-cars,  propelled  by  means  of  four  single-acuag  5-iDch 
cylinders,  of  3  inches  stroke,  it  appears  the  consumption 

of  compressed  air  was  at  the  rate  of  30^  p)0unds  per  mile-run  for  a 
level.  The  car,  with  passengers,  weighed  4I  tons  ;  and  the  work 
done  was  at  the  rate  of  22,070  foot-pounds  per  pound  of  air. 
The  maximum  working  pressure  of  compressed  air  was  ij2  pounds 
per  square  mch. 
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CHAPTER  YI. 


CABLE  TRACTION. 

The  working  of  tramways  by  cable  haulage  is  effected  by  the 
employmeDt  of  an  endless  wire  rope  conttnuoosljr  moving  in  one 
direction,  supported  on  pulleys  within  a  slotted  tube  laid  below  the 
surface  of  the  street  or  roadway,  or  between  the  tails  of  a  surface 
or  an  elevated  railway*  The  rope  is  driven  by  means  of  a  fixed 
or  stationary  steam-engine  or  other  motor,  situated  at  a  suitable 
place  near  the  line,  the  motion  of  the  cable  being  intermittently 
communicated  to  the  cars,  for  starting  and  stopping,  by  means  of 
a  gripper  attached  to  the  car. 

The  principle  of  cable  traction  has  been  successfully  applied  on 
railways  and  in  mines  for  many  years.  The  first  practical  test 
for  cable  traction  was  made  in  San  Francisco,  in  1873,  by  Andrew 
S.  Halltday  and  his  associates,  A.  £.  Hovay,  W.  Eppelsdieimer, 
and  Henry  Root.  For  heavy  street  traffic  the  cable  is  extensively 
employed. 

The  slotted  tube  is  of  concrete.  It  is  virtually  an  arch  of  which 
the  key  is  left  out.  It  is  constructed  with  yokes  or  frames  of 
angle-iron  or  cast-iron.  The  latter  material  is  preferred.  The 
sides  act  as  cantilevers  to  resist  the  lateral  pressure  of  the  soil, 
packed  by  heavy  waggon  traffic,  and,  in  cold  climates,  the  pressure 
m  addition  due  to  the  expansion  of  the  soil  by  freezing.  The 
first  tube  ^vab  12  inches  wide,  15  inches  deep,  or  22  inches  below 
the  level  oi  ihe  street.  The  slot  is  ubuuUy  inch  wide,  aiul  it  is 
formed  by  two  slot  ia:ls  which  are  fastened  to  the  yokes  at  the 
upper  side.    The  slot  rails,  of  overhung  ionuaLiun,  are  brought  up 
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to  the  surface  level  and  require  to  have  great  vertical  and  lateial 
strength,  whereby  chey  are  neatly  as  heavy  as  the  way-raits. 

The  gripper  is  a  powerful  vice  within  the  tube,  supported 
by  or  suspended  from  the  car  by  means  of  a  thin  shank  througb 
the  slot.  It  is  worked  from  the  platform  by  a  lever  or  a  hand- 
wheel  through  the  medium  of  an  excentric  tOL:i^Ic;-joint  or  an 
equivalent  device,  and  is  caused  to  grip  ihe  rope  with  a  pressoie 
sufficient  to  impart  the  motion  of  the  rope  to  the  car.  The  rope 
is  grasped  between  two  llat  plates  or  jaws,  upper  and  lower, 
usually  of  steel,  an<l  iroiu  iS  inches  to  20  inches  long,  lined  with 
reiuovable  dies  for  wear,  slightly  grooved  to  fit  the  rope.  Grips 
are  of  t^vo  types — ^vice-grips  and  roller-grips.  The  lornier  co'r 
pri&e  the  side  grij),  the  top  grip,  the  bottom  grip.  Side  grips  .irc 
usually  constructed  with  a  pair  of  jaws  at  eac  h  side  of  the  shank. 
They  lake  the  rope  on  either  side  without  turning  the  cars. 

The  cable  is  a  steel  wire-rope,  commonly  of  6  btrancis  twiste  i 
round  a  heart  of  hemp  rope,  each  strand  of  19  wires,  of  whicn 
7  wires  form  the  heart  of  the  strand,  round  which  the  other  1 2  wires 
arc  wrapped.  Sometimes  the  12  enveloping  wires  are  larger  than 
the  7  heart  w  ires  to  provide  allowance  for  wear.  Ropes  are  al»o 
made  with  6  strands  of  16  wires  each,  or  7  strands  of  19  wires, 
usually  laid  12  over  6  over  i.  On  straight  lines  19  wires  do  good 
service.  Ropes  are  also  made  with  a  wire  centre.  Thoogb 
stronger  than  others  they  are  not  so  flexible. 

Cables  arc  from  i  inch  to  i  J  inches  in  diameter.  The  usual  sizes 
are  1 1  inches  and  1  \  inches.  The  i^-inch  ropes  weigh  2^  lbs.  pfl" 
foot,  and  their  breaking  weight  is  about  80  tons.  The  average 
life  of  common  ropes  is  la^  months,  or  88,402  miles,  makio; 
about  85,000  miles  per  year.  The  general  average  life  for  all  lines 
and  ropes  is  about  8  months,  or  from  40,000  to  150,000  n)ile& 
According  to  the  system  of  wire  rope  known  as  the  Lang  lay  the 
wires  forming  the  strands,  and  those  of  the  strands  themselves, 
are  laid  in  the  same  direction  instead  of  in  opposite  direcdoos 
Thus,  a  larger  portion  of  each  outside  wire  is  exposed  for  wear, 
the  rope  is  of  greater  flexibility,  and  a  maximum  degree  of  wear 
is  attained  without  fiacturing  of  the  wires. 
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The  driving  machinery  operates  on  the  rope  by  frictional  contact 
witli  two  large  V-grooved  pulleys  in  tandem,  usually  lined  wiih  wood 
or  with  babbit  metal.  The  rope  makes  two  wrapaover  the  pulleys, 
like  tiic  letter  S,  known  as  the  front  chiver  and  the  back  driver. 
The  pulley  shafts  are  geared  together  by  two  spur-wheels,  one  ot 
which  is  driven  by  a  toothed  wheel  on  the  engine  shaft.  Frictional 
contact  is  maintained  by  tension  apparatus,  in  which  a  large 
sheave  is  mounted  on  a  car  which  travels  to  and  fro  on  a  track 
laid  over    long,  narrow  pit.    A  tail  rope  or  a  chain  is  connected 
to  the  car,  and  is  led  over  a  pulley,  suspended  within  a  deep 
weily  and  loaded  with  a  heavy  weight,  which,  taking  up  the  slack, 
maintains  tension  on  the  cable.    The  length  of  the  track  is  from 
Z50  feet  to  200  feet  for  long  lines.   The  length  of  the  tail  rope  is 
adjustable  by  means  of  hand-wheel  and  worm-gear  on  the  car. 

The  steam-power  is  from  sooto  1,500  horse-power  in  duplicate, 
averaging  35  actual  horse>power  per  car,  including  reserve.  In 
Melbourne,  Australia,  the  aggregate  length  of  cable  is  91  miles. 
There  is  15  horse-power  per  car  of  the  average  number  of  cars 
running.    On  American  lines  there  is  an  average  of  4*6  horse- 
power to  move  1,000  feet  of  cable.   The  power  required  to  move 
the  cable  alone  is  from  35  per  cent,  to  75  per  cent.   The  average 
of  twelve  roads  is  54  per  cent.   The  approximate   steam  horse- 
power" to  work  a  line  employing  less  than  xo  miles  of  rope  may 
be  estimated  as  follows : — Allow  4  horse*power  to  each  x,ooo  feet 
of  rope,  reckoning  each  right-angle  curve  equivalent  to  1,500  feet 
of  straight  way.  Add  3  horse-power  for  each  car  of  ordinary  size, 
and  60  horse-power  for  engines  and  machinery. 


Cable  Tramways  in  San  Francisco  and  Chicago. 

Several  tramways  are  in  operation  in  San  Francisco.  Of  these, 
the  Clay  Street  Tramway  has  a  double  way,  about  5,500  feet,  or 
i'o4  miles  in  length,  of  3i.  feet  gauge.  It  rises  to  a  height  of 
307  feet  above  the  starting-point,  in  the  course  of  2,475  ^^^>  malttng 
an  average  gradient  of  i  in  8,  the  steepest  gradient  being  z  in  6. 
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On  the  other  tramways  of  San  Francisco  there  are  gradients  o( 

I  in  5,  on  which  cars  are  drawn  upwards  and  downwards  with 
ease  and  security.  A  car  with  its  coupled  dummy  in  iront,  when 
fully  loaded,  hold  together  44  passengers. 

The  disposition  of  the  dummy  car,  tube*  and  gripping  apparatus 
is  shown  in  Figs.  314  and  315.  Below  the  smface,  and  about  the 
middle  of  each  way,  there  is  a  channel,  or  technically  a  tube, 
within  which  the  endless  rope  travels  on  pulleys.  The  tube  also 
affords  protection  for  the  gripper  a,  connected  to  the  dummy  on 
the  way  by  means  of  a  flat  bar  of  iron  which  passes  up  through 
the  longitudinal  slot  in  the  upper  part  of  the  tube.  The  throwing  of 
the  gripper  into  action,  by  grasping  the  rope,  induces  the  necessaiy 
motion  of  the  car,  which,  of  course,  travels  at  the  same  velocity 
as  the  rope.  The  slot  is  not  immediately  over  the  centre  of 
the  tube,  but  on  one  side,  in  order  that  grit  or  other  droppings 
felling  through  the  slot  does  not  lodge  on  the  rope,  but  £alls  to 
the  bottom  of  the  tube.  By  this  means,  also,  the  gripper  passes 
by  and  under  the  upper  pulleys,  c.  Fig.  315,  and  over  the  lower 
pulleys,  D,  Fig.  314  in  the  tube. 

The  rope,  endless,  travels  down  one  way  and  up  the  other.  At 
the  summit  the  rope  is  turned  on  to  one  series  of  8-feet  pulleys, 
and  led  into  the  engine-house.  Thence  it  passes  out  by  another 
series  of  8-feet  driving  pullejrs,  the  rope  making  a  right-angle  torn 
to  the  lett  and  right  after  leaving  the  house.  At  each  terminus  of 
the  road  the  rope  passes  half  round  an  8-feet  horizontal  sheave, 
fixed  to  a  tension-carriage  moveable  horizontally,  for  the  purpose 
of  maintaining  uniform  tension  on  the  cable.  The  pulleys  d, 
Fig.  314,  by  which  the  rope  is  supported  in  the  tube,  are  from 

II  inches  to  12  inches  in  diameter,  secured  to  cast-iron  standards 
placed  30  feet  apart,  with  man-holes  and  doors  for  access.  The 
bhcavcb  on  the  Chicago  road  arc  formed  in  halves  bolted  together, 
with  wood  between,  the  dividing  plane  being  at  nghi-angles  to  the- 
axle  of  the  pulley.  The  wood  thui  ioiai.^  the  bottom  of  the 
groove,  and  is  exposed  to  the  wear.  It  is  renewed  every  two 
months.  The  slot-rails  are  supported  by  intermediate  cast-iron 
standards,  placed  at  from  3  feet  to  4  feet  apart,  and  they  are 
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fixed  at  a  distance  of  ^  inch  apart,  transversely,  forming  the  slot. 
Sheet-iron  tubing,  e,  Fig.  314,  about  10  inches  wide,  reaching 
upwards  to  within  15  inches  of  the  surface  of  the  street,  is  bolted 
to  the  cast-iron  standards.  The  tubing  is  packed  outside  with 
earth,  and,  to  prevent  the  earth  from  getting  into  the  tubing,  a 
3-inch  plank,  f,  Fig.  314,  is  placed  on  edge  on  the  standards,  the 
upper  edge  being  at  the  level  of  the  underside  of  the  slot-rail. 
The  running  rails  arc  laid  on  longitudinal  wood  sleepers,  about 

inches  wide,  5^  inches  deep,  and  these  are  let  into  and  supported 
by  short  cross  sleepers,  the  inner  ends  of  which  have  a  bearing 
on  the  standards,  and  are  bolted  to  them. 

According  to  another  system  of  construction  in  San  Francisco 
the  standards  are  formed  from  ordinary  railway-bars,  bent  as 
required,  braced  and  arranged  to  carry  both  the  slot-rails  and  the 
running  rails.  A  culvert,  or  tube,*'  of  Portland-cement  concrete 
is  constructed  in  place  of  sheet-iron  tubing. 

Where  a  steep  rise  occurs  in  the  road,  the  wire  rope  is  kept  down 
by  snuU  pulleys,  as  shown  in  Fig.  315,  from  6  tndies  to  8  inches 
in  diameter,  mounted  in  a  frame.  Where  the  rope  leaves  a  summit 
and  descends,  it  is  passed  over  a  pulley  of  about  4  feet  in  diameter. 

The  cable  is  about  11,000  feet  in  length,  i  inch  in  diameter, 
of  crucible  steel  wire,  of  6  strands  of  19  wures.  Each  wire 
has  a  tensile  strength  of  160,000  pounds,  or  71  tons,  per  square 
inch.  It  can  be  bent  in  any  direction  without  fracture.  The  wire 
rope  is  found  to  stretch  z  per  cent,  of  its  length  before  being  too 
much  weakened  for  use.  The  average  life  of  the  rope  is  about 
fifteen  months.  On  some  tramways  the  length  of  rope  is 
17,000  feet.  A  tensbnal-puUey  system  is  provided  in  the  engine- 
house,  about  50  feet  in  length. 

The  shank  b  of  the  gripper  a,  Fig.  314,  is,  as  before  noted,  a  flat 
bar  of  iron  5  J  inches  wide,  j  inch  thick,  which  works  through  the 
longitudinal  slot,  and  to  the  lower  end  of  which  the  gripper 
attachment  is  made.  This  consists  of  two  pairs  of  3^inch  pulleys, 
placcti  obliquely,  the  pulleys  of  each  pair  being  10  inches  apart 
and  secured  to  sliding  :ianies,  mounted  wiih  jaws  for  the  purpose 
of  taking  a  firm  hold  of  the  rope.  The  small  sheaves  act  as  guides 
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Fig.  314.  Cable  Tjamways,  San  Fnrcisco :  Transverse  Section  of  W«y» 

Tube,  and  Giippet. 
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for  the  rope  to  pass  between  the  jaws,  and  they  are  gradually 
tightened  on  the  rope  by  the  screw  O.  The  dummy,  through  ihe 
medium  of  the  shank  and  pulleys,  gndttslly  acquires  the  velocity 
of  the  rope  until  the  gripping  jaws  are  brought  into  action,  and 
firmly  acquires  a  hold  of  it  by  means  of  the  screw  g. 

The  speed  of  the  cable  is  6  miles  per  hour,  running  for  t6  boors  a 
day.  It  is  driven  by  two  horizontal  steam-engines,  each  of  xoo*hotse 
power,  of  which  one  is  kept  in  reserve;  and  about  9,900  pounds 
of  small  coal  is  consumed  per  day.  The  total  cost  of  the  engines 
and  machineiy  was  about  ^3,000.  A  double  way  of  the  tzamway, 
having  a  tube  30  inches  deep,  costs,  on  an  average,  ;f  10,000  per 
roile,  not  including  rolling  stock.  For  a  tube  la  inches  deep  the 
cost  would  probably  be  ;^8,ooo.  It  is  believed  that  a  gauge  of 
3i  feet  is  as  effective  as  the  5-feet  gauge,  and  is  frequently  moie 
convenient.  The  dumm)^  carries  z8  passengers,  the  car  36; 
together,  44.   Each  vehicle  is  provided  with  a  powerful  break. 

Many  of  the  cable  roads  have  right-angle  curves,  for  which  the 
rope  is  deflected  by  means  of  two  horizontal  8-feet  pulleys,  with 
other  auxiliary  pulleys. 


HlGHGATE'HILL  CaBLE  TitAMWAY,  LOKDON. 

The  Highgate-hiU  cable  tramway  was  the  first  cable  line  cod- 
structed  in  this  country.  The  works  were  carried  out  by  the 
Patent  Cable  Tramways  Corporation,  under  the  supervision  of 
Messrs.  Eppelsheimer  and  Colam  ;  and  die  line  was  opened  ia 
May,  1S84.  It  is  nearly  \  mile  in  length,  of  double  way,  con- 
structed to  a  gauge  of  3^  leet,  between  the  Archway  Tavern, 
Upper  Holloway,  and  Southwood  Lane,  near  liic  buiuuuL  of  High- 
gate-hill. 

The  gradients  v  ary  from  i  in  11  to  i  in  15,  and  the  curves  from 
250  feet  to  3,000  feet  in  radius.  The  way  was  laid  with  steel 
rails  of  the  Dugdale  type,  weighing  52  pounds  per  yard.  The  cable 
con.si^ts  (  if  I  rucible  steel  wire,  in  strands  closed  round  a  hemp  core. 
It  i!5  3  ir,(  Iks  in  circumference,  or  io-  inch  thick,  and  it  weigiis 
about  5  tons  complete.    It  passes  round  two  8-feet  pulleys  at  the 
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termini,  in  brick  pits.  The  endless  rope  is  carried  on  1  ulleys 
beneath  the  track,  in  a  "tube"  of  concrete,  \o\  inches  deep, 
inches  wide.  It  is  driven  by  two  independent  horizontal  steam 
engines,  each  of  25  nominal  horse-power,  affordini,'  ^^ervice  in  du- 
plicate. The  speed  of  the  rope  is  from  5  miles  to  6  miles  per  hour.* 


Edinburgh  Northern  Cable  Tramways. 

Mr.  W,  N.  Colam,  the  engineer  of  the  Edinburgh  Northern 
Cable  Tramways,  describes  the  two  routes  of  which  the  tramways 
are  composed— the  Trinity  route  and  the  Stockbndge  route.! 


Fig.  316.   Edinburgh  Northern  Cable  Tramways :  Gradient 

Diagram,  Trinity  route. 


The  gauge  of  the  ways  is  4  feet  8^  inches.  The  two  lines  start 
from  Princes  Street,  one  in  Hanover  Street,  the  other  in  I  red  crick 
Street.  The  first  named,  or  Trinity  route,  passes  Henderson 
Row,  where  the  cables  branch  oft  to  the  Ltigmc  house.  It  takes 
18  curves,  varying  in  radius  from  80  feet  to  980  feet,  the  smallest 
curve  being  less  tiian  a  right  angle.  It  is  also  diverted  at  various 
places  by  nine  large  pulleys.  The  total  height  ascended  is 
187  feet.  The  double  way  is  miles  long.  It  is  almost  entirely 
on  gradients,  varying  from  i  in  1 1  to,  for  the  greater  part,  i  in  60 
approximately.    Fig.  316  is  a  gradient  ciiagraiu  ot  the  line. 

The  gradient  diagram,  Fig.  31 7,  is  that  of  the  Stockbridge  route, 
on  which  the  steepest  gradient  is  x  in  13.    The  length  of  way, 

*  Since  the  above  paragraphs  were  written,  the  line  has  stopped 
working. 

t  In  a  paper  rend  before  the  Association  of  Municipal  and  Sanitaiy 
Eogioeers  of  Great  Britain. 
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double  line,  is  120  mile.  After  passing  over  100  feet  curves  into 
the  Royal  Circus,  the  line  is  almost  entirely  a  series  of  curves, 
passing  through  steep  and  veiy  narrow  roads.  At  Stockbridge, 
where  the  cable  leaves  for  and  returns  firom  the  engine-hoase»  the 
ltae»  though  curvy,  is  nearly  level.  The  cable  traverses  28  curves 
of  radii  vaiytng  firom  80  feet  to  400  feet.  It  is  diverted  by  means 
of  nine  large  pulleys.  The  line  rises  173  feet.  The  tramways 
were  opened  in  Januaxy,  1888. 

The  road  is  shown  in  section  by  Figs.  318  and  319,  having  two 
lines  of  way.  The  conduit  or  <^  tube"  is  of  concrete ;  it  is  19  inches 
deep  from  the  surface  and  9^  inches  wide.  Cast-iron  tube>frames 
are  embedded  in  the  concrete,  at  3i  feet  apart  between  centres. 
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Fig.  317. — EUinburgli  Northern  Cable  Tramwajrs: 
Gradient  Diagcain,  Stockbridge  nmte. 


to  which  the  8]ot>rails  are  bolted,  forming  a  slot  \  inch  wide.  The 
frames  are  i  inch  thick  in  the  webs,  and  they  weigh  135  lbs. 
each.  They  are  lined  up  in  place  before  the  concrete  is  poured 
in.  Thus  a  solid  mass  is  constructed,  by  which  subsidence  or 
closing,  of  the  slot,  is  prevented.  The  extreme  depth  occupied  by 
the  tube  is  26  inches  below  the  surface.  The  bottom  of  the  tube 
IS  7  inclies  thick,  the  sides  6  inches,  and  the  concrete  floor  of  the 
way,  5  inches.  A  6-inch  clay  pi])e  is  laid  unvici  Uie  bottom  o(  the 
lube,  by  which  it  is  drained  from  recesses  in  the  concrete  in  which 
the  supporting  pulleys  are  muuiUed  at  50  feet  apart  between 
centres.  On  two  of  the  worst  curves,  there  are  convenient  subways 
ix  Lween  the  two  lines  of  way,  from  which  pulleys  may  be  renewed 
or  adjusted. 

The  running  rails  are  of  girder  type,  6  inches  deep,  of  steel, 
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weighing  75  Ih;;.  per  yanl.    The  slot-rails  arc  fished  with  plates 
weighing  34  lbs.  each.    They  are  tied  to  the  running  rails  by 
adjustable  bars  to  keep  these  accurately  in  gauge  with  the  slot. 
The  supporting  pulleys,  Fig.  320,  nre  of  cast  iron,  14  inches  in 
diameter,  V-shaped  in  the  tread.   The  journals  revolve  in  boxed 
Vignuni'vitse  bearings.     The  horizontal  supporting  pulleys  for 
curves,  Fig.  33 are  14  inches  in  diameter.   The  large  diverting 
pulleys  are  of  cast  iron ;  the  jaws  are  bolted  on  in  segments,  with 
good  treads.    The  terminal  pits,  Figs.  322  and  323,  holding  the 
diverting  pulleys,  are,  one  of  brick,  the  other  of  concrete.  They 
are  19  feet  long,  11  feet  broad,  S  feet  deep.   The  roofing  is  con- 
stnicted  of  rolled  joints,  jack  arches,  and  buckled  plates. 


The  cables  are  those  known  as  the  Lang  lay.  This  rope  gives 
a  maximum  quantity  of  wear  without  fracture  of  wires,  as  it  admits 
of  the  use  of  comparatively  hvger  wires,  and  is,  at  least,  as  flexible 
as  the  older  system.  The  rope  is  of  crucible  or  steel  wire  laid 
round  a  hempen  core,  in  6  strands,  each  of  r3  wires — 7  round  6. 
The  wires  have  stood  a  tensile  stress  of  80  tons  per  square  inch, 
and  torsional  tests  of  35  twists  in  8  inches  of  length.  The  lay 
of  the  rope  is  9  inches,  the  circumference  is  3  ^  inches,  and  the 
diameter  is  1*03  inches. 

The  gripper,  with  details,  is  shown  in  Fig.  324.  "  The  driver, 
in  operating  the  hand-wheel,  raises  or  lowers  a  nut  by  the  square- 
thread  spindle.   Attached  to  the  nut  are  two  rods  which  raise 
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or  lower  the  bottom  jaw  of  the  gripper,  the  upper  portions  of 
which  slide  through  openings  in  the  plate,  which  has  the  upper 
jaw  casting  bolted  to  it.   This  plate  rests  on  angles  sospeoded 


from  the  bogie  axles  of  the  cars,  and  is  firmlv  licld  down  in  its 
place  b)-  wedges  which  nre  forced  in  or  out  by  the  driver  through 
screw  spindles  and  inclined  slots.    When  the  wedges  are  with- 
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drawn  the  whole  gripper  will  rise  by  the  actioa  of  the  hand-wheeU 
The  bottom  jaw  can  be  lowered  out  6  inches,  and  by  that  means 
the  cable  can  be  picked  up,  because  when  the  rounded  bottom  of 
the  jaw  touches  it,  the  cable  ascends  into  its  place  in  the  gripper. 


#  ^ 


The  dies  by  which  the  cable  is  gnpped,  are  of  the  softest 
cast-iron,  ana  ihey  last  on  an  average  abo  it  six  weeks.  The 
sectional  area  of  the  steel  shankb  w  nere  they  work  in  the  slot  is 
4*92  square  inches." 
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The  cable  is  driven  by  a  pair  of  horizontal  non-oondensing 
steam-engines,  having  20-inch  cylinders,  with  a  stroke  of  40  inches. 
The  Froell  automatic  expansion  gear  is  employed.  Either  engme 
is  capable  of  working  the  two  nmtes,  and  one  <tf  Ae  routes  can  be 
thrown  off  without  interfering  with  the  other.  The  driving  pulley 
is  loi  feet  in  diameter,  having  a  V-groove.  The  jaw  of  the  pulley 
is  removable  in  segments,  and  is  lined  with  white  metal,  which  is 
renewed  when  the  groove  wcaio  ta  the  bottom.  The  bottom  of 
the  V  is  filled  with  bolt  wood  upon  which  the  cable  bottoms. 
The  cable,  on  entering  the  engine-house,  goes  direct  to  the 
driving-pulley,  on  which  it  makCb  a  tliree-quarter  turn,  and  thence 
passes  over  a  lo-feet  puiiey  to  the  automatic  tension-pulley, 
around  which  u  takes  a  half-turn  when  it  leaves  the  eugine-house. 
The  effective  tensional  weight  is  7  cwt. 

Mr.  Colam  bunimarises  the  working  conditions  as  follows  : — On 
gradients  as  bleep  as  i  in  11;  over  perfectly  flat  roads  ;  round 
small  right-angled  curves ;  over  old  bridges,  in  which  the  crowns 
are  not  twelve  inches  from  the  road  surfaces  ;  two  routes  at  con- 
siderable distances  apart,  worked  from  one  engine  in  the  same 
depot ;  single  lines  with  parsing  places  ;  reduced  speeds  by  auxi- 
liary cables,  when  it  is  necessary  to  go  round  dangerous  corners. 

The  cost  of  constructing  and  equipping  these  lines  for  a  tiiree- 
minutes  service  of  cars  has  been  as  follows : 

Track  with  tube,  pulleys,  &c.,  complete       -  ll^yn  o  o 

Machinerybuildings,offices,cbimneyshafty&c.  41786  o  o 

£ngmes»boiler$»machineiyatdep6tandin  pits  5*103  o  o 

Cars  and  gripping  machiDery.      .      .      .  4,704  o  o 

Auxiliary  cable  gear   ^50  o  o 

Cables   l,26o  O  o 

Payments  made  to  City  for  paving  up  to  side 
walks,  and  to  gas  and  water  companies, 

and  extras   7,150  o  o 


The  cost  is  at  the  rate  of  ^£9,867  per  mde  of  single  track, 
including  equipment  for  three-minutes  service  of  cars. 
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COAfPARisoNS  OF  Receipts  and  KxpExni  rukF.s  taken  from 
THE  Company'^)  Balanck  Sheets  for  1890.  with  1893. 

Per  mUc  Per  miU- 

run.      Tear  ending  i8<x>.      run.      Year  ending  tSos 
d.  C       s<    d.       d.  £.      s.  «i. 

Receipts  .  .  .  12*46  12,345  14  6  11*41  15.275  14  o 
Expenditures  including— 

Motive  power,  traffics 

maintenance,  and 

general  charges      .    8*93  ^,284  o   0    6*38     «.43i  3  7 

Balance  to  nett  revenue  .  j^4,o6i  13  9           £)^M\  5 


COMi'ART-;o\  OF  Passk\(.ek.s  Cakkied  and  Miles  Run 

lAKhN  FROM  THE  COMPANY'S  BALANCE  SHEETS 
i-OK  189Q,  WITH  if^93. 

Passencers 
Miles  run.  tarried. 

For  twelve  months  ending  December,  1890  .  222,822  2,581,994 
»  »  »  1893  •  3»6,75«  3^63,790 

increase     ....     93,930  6£i,79(> 


NOTF.  —  These  9,1.030  extra  miles  were  nni,  aiul  the  u'^x  extm 
passengers  were  carried  at  an  increased  expenditure,  as  indicated 
above,  of  the  comparatively  small  sum  of  ;^i4/  2s.  lod. 

Following  on  their  experience  of  the  working  of  the  Edinbuigb 
Northern  tramways  for  a  period  of  six  years,  the  Edinburgh 
Corporation  have  lately  purchased  the  horse  tramway  lines  within 
their  city  boundaries,  and  have  determined  to  work  them  by  cable 
traction.  For  this  purpose  they  have  leased  the  lines  to  Messrs. 
Dick,  Kerr  &  Co.  for  a  period  of  twenty-one  years.  Practically, 
therefore,  the  whole  system  will  in  due  course  be  converted  and 
worked  by  means  of  cables* 

It  may  also  be  noted  that  the  tramway  committee  of  the  New- 
castle Corporation  have  made  a  report  in  favour  of  the  working  of 
their  system  by  cable  traction,  and  there  is  little  doubt  that  cables 
will  soon  be  laid  in  that  city.  Other  cities  are  enquiring  in  the 
same  direction,  and  awakening  to  a  knowledge  of  the  advantages 
of  the  cable  system,  and  its  capacity  for  dealing  with  their  lieavy 
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traffics :  facts  which  for  a  considerable  period  have  been  fully 
appreciated  by  the  cities  of  America  and  Australia,  where  heavy 
traffics  have  had  to  be  negotiated. 


i. 
!! 

I 


f 


BiRSkiiNGUAM  Cable  Tramway. 

The  Birmingham  Cable  Tramway — a  section  ot  the  Birmingham 
Central  Tramways  —  was   constructed  between 
Colmore  Row,  Birmingbam,  and  HoLklcv,  to  the 
designs  of  Mr.  Joseph    KincaiJ  and   Mr.  E. 
Pritchard,  the  engineers  of  the  line  ;  and  was 
opened  in  March,  1888.    Fig.  325  is  a  pian 
of  the  Birmingham  terminus  in  Colmore  Row, 
showing  two  lines  of  way,  connected  by  two 
over- crossings,  with  the  position  of  the  large 
terminal  pulley  and  pulley-pit.    The  pulley  and 
its  dispositions  are  shown  in  Fig.  326.    So  also 
are  the  lour  large  pulleys  and  pulley-pit  at  Hockley 
in  Figs.  327,  328,  and  329,  which  receive  tlie 
ropes  on  their  way  to  Birmingham,  and  those  for 
working  the  line  from  Hockley  to  Handsworth. 
A  longitudinal  section  of  the  engine-house  and 
tensional  gear  b  given  in  Fig.  330.   The  rope 
coming  from  Birmingham  enters  the  engine-house 
at  a  low  level,  and  passes  under  and  free  of  the 
first  driving-pulley  to  the  second  driving-pulley, 
by  which  it  is  received,  and  round  which  it  is 
bent,  whence  it  passes  over  the  top,  then  crossing 
over  to  and  winding  under  the  first  pulley. 
Thence  the  rope,  passing  from  the  top  of  the  first 
pulley,  proceeds  to  and  passes  over  and  under  the 
pulley  on  the  tension -carriage^  from  which  it 
returns  to  the  eogine-house»  and  passes  out  for 
Biraiingham.  The  axle  of  the  tension*pulIey  is 
not  horizontal,  and  the  pulley  is  inclined.  By 
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ihis  means  the  rope  coming  from  under  the  pulley  is  diverted  to 
one  side  a  little,  and  passes  by  the  side  of  the  driving-pulleys  in 
the  engine-house.  The  same  system  of  communication  is  em< 
ployed  for  the  Uandsworth  line. 

A  winch  is  mounted  on  the  tension-carriage,  from  which  a  rope 
is  led  to  a  small  pulley  fixed  to  a  cro8s«head,  then  round  the  small 
pulley  and  back  to  the  winch.  Strong  volute  springs  are  fixed  at 


Fjo.  337.   Birmin^m  Cable  Tramwray :  FuUeys  and  Pulley  Fit 

at  Hockley. ' 


tlu  bacK  of  the  cross-head  to  take*  up  or  absorb  any  \  iolcnt  shock. 
From  this  point  chains  are  led  over  the  pulleys  and  supports,  anil 
connected  to  cradles,  in  which  the  icobion-wcights  are  carried. 
There  are  16  weights  adjustable  in  number  according  to  the 
magnitude  of  the  traffic  or  the  condition  of  the  rails. 

The  line  is  worked  by  steam-power,  for  which  steam  is  suji- 
plied  by  six  Lancashire  boilers,  6  feet  in  diameter,  24  feet  long. 
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with  two  fiues  38i  inches  in  diameter, 
geneiatiiig  steam  of  80  lbs.  pressure 
per  square  inch.  The  two  flues  merge 
in  one  wide  flue,  which  is  fitted  with 
It  Galloway  tubes.  The  chimney  is 
1x0  feet  high  above  the  ground  level, 
and  5i  feet  in  diameter  at  the  top. 

The  engines,  Figs.  331  and  333,  are 
a  pair  of  horizontal  steam-engines, 
having  jacketed  cylinders,  94  inches  in 
diameter,  with  a  common  stroke  of 

4  feet,  making  50  revolutions  per 
minute.  The  fly-wheels  are  15  feet  hi 
diameter,  a  feet  wide,  and  weigh  about 

5  tons  each.  Under  each  fly-wheel  a 
powerful  steam-brake  is  fixed,  and  the 
engines  can  be  stopped  immediately  in 
case  of  accidL^nt  to  the  rope.  The 
main  shciU  is  of  steel,  J]a\-iijg  9]  inch 
journals.  The  pinion  ou  the  main 
shaft  IS  5  feet  4^  inches  in  diameter, 
and  gears  into  the  front  driving  spur- 
wheel,  which  is  13  feet  ji|  inches  in 
diameter.  The  b.ick  driver,  of  equal 
diameter,  gears  with  and  is  driven  by 
the  front  driver.  Either  engine  can  be 
coupled  or  uncoupled  as  required  by 
means  of  clutches  on  the  ciigine-shaft. 
The  three  spur-wheeis  are  keyed  fast 
on  the  shafts,  but  the  large  grooved 
pulleys  are  made  fast  or  loose  on  the 
spur-wheel  shafts  by  means  of  clutches 
and  hand-wheels  on  the  ends.  The 
lower  of  the  rope-driving  pulleys  are 
ID  feet  in  diameter.  They  are  for  the 
Birmingham  service.   The  periphery  is 

N  N  2 
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i;roove<I  for  the  rope,  and  is  lined  with  comprcsbcd  beech-wood, 
held  in  position  by  segments  bolted  on  at  one  side,  as  sho\\'n  in 
Fig.  333.    The  upper  of  the  huge  grooved  pulleys,  13  feet 


Fio.  333.  Biriinghain  Cable  Tramway :  Rope-driving  Pidlejr. 


4  inches  in  diamfiter,  are  employed  on  the  Handswoith  senrioe. 
The  larger  site  was  adopted  because  the  cars  may  be  nin  00  this 
service  at  a  higher  speed. 


Fio.  334.    Birmingham  Cubic  Tramway  :  Type  Section  of  Way. 


The  cars  are  constructed  with  two  bogies.  They  can  carry 
20  passengers  inside  and  21  outside  ;  together,  41  passengers. 

A  cross  section,  typical  of  the  whole  of  the  way,  is  given  in 
Fig.  334.   The  gauge  is  3i  feet.   The  running  rails  are  of  girder 
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secrtion,  weighing  98  lbs.  per  yard,  the  slot  rails  are  65  lbs.  per  yard. 
The  conduit  is  of  concrete,  in  which  the  framed  bearers  of  the 

rails,  running  and  slot,  with  the  ordinary  conduit-pulley  supports, 
are  embedded.  The  conduit  is  13  inches  wide,  and  2  feet  8  inches 
deep  below  the  level  of  the  rails,     i'lie  Irannng,  or  skeleton  ot 
the  conduit,  is  constructed  of  T-steel,  4  inches  by  3  inches  by 
4    inch.     The  frames  or  yokes   are   4  feet  apart  between 
centres.    The  carrying-pulleys,  in  the  lower  part  of  the  conduit, 
for  supporting  the  rope,  are  11^  inches  in  diameter,  3  inches 
wide. 

Tlie  cable  is  of  steel  wire,  3^  inches  in  circumference,  or  about 
T  oS  niches  in  diameter.  The  cable  contains  6  strands  of  19  wires 
each,  laid  on  a  central  hemj)-core.  The  wire  is  No.  15  wire  gauge. 
The  breaking  tensile  strength  of  all  except  the  central  wire  of 
each  strand  is  95  tons  per  square  inch|  and  the  breaking  strength 
of  each  cable  is  33  tons. 

The  gripper,  with  its  mounting,  is  shown  in  Figs.  335  and  336. 
Its  position  relative  to  the  slot-rails  is  shown  in  Fig.  335,  the  upper 
part  of  the  figure  showing  the  slot-rails  in  section.  When  the 
gripper  jaws  are  open,  and  the  cable  runs  freely  between  them, 
it  is  carried  by  the  smaller  rollers,  which  are  carried  by  levers, 
which  work  on  the  pins,  as  fulcra,  and  are  connected  by  a  pin, 
which  causes  them  to  act  in  concert  either  in  raising  or  in  lowering 
the  rope,  and  so  fixing  or  freeing  it.  When  the  lower  jaw  descends, 
with  the  vertically  sliding  plate  to  which  it  is  fixed,  the  helical 
spring,  acting  vertically  under  compression  through  the  pin  and 
levers,  forces  the  rollers  upwards  into  the  positions  shown.  The 
grippe^plate  slides  between  guide-plates.  By  reverse  movements 
the  rope  is  lifted  on  the  lower  jaw  into  gripping  position.  The 
raising  and  lowering  of  the  gripper  apparatus  is  effected  by  means 
of  the  grip-lever  on  the  platform  of  the  car.  The  rope  is  shown 
in  section  in  the  two  extreme  positions  in  Fig.  334 ;  the  upper 
position  when  gripped,  the  lower  when  running  free. 

The  cable  tramway,  as  above  described,  has  been  extended 
from  the  Hockley  winding  station  on  a  route  three  miles  long 
with  double  way,  worked  by  ropes  from  the  Hockley  station. 
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Matlock  Cable  Tramway. 

The  Matlock  Cable  Tramway,  opened  in  Easter,  1S93.  is  a 
short  line  \  mile  in  length,  presenting  unique  features  of  construe- 
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tion  and  application  much  appreciated  by  t)ie  residents  in  the 
district.  The  track  is  all  single  line,  with  one  passing  place,  and 
on  the  single  line  are  six  curves  from  180  feet  to  1,000  feet  in 
radius.  The  average  gradient  is  i  in  7*7,  and  the  steepest  is 
I  In  5.  There  is  a  rise  of  300  feet  in  770  yards.  The  width  of 
Toad  is  in  many  places  only  20  feet  Car  brakes  are  provided  ot 
sufficient  power  to  stop  a  loaded  car  on  the  steepest  grade  when 
mnning  free  after  having  left  the  cable.  Eadi  car  is  provided 
with  two  brakes,  a  wheel  and  a  rail  brake.  The  construction  of 
the  track  is  similar  to  that  of  the  Edmburgh  Northern  Cable  Tram* 
ways,  but  special  pulleys  were  designed  to  take  the  cable  round 
the  curves.  The  gauge  of  the  way  is  feet.  The  speed  of  the 
rope  is  5^  miles  per  hour. 

The  driving  plant  at  the  depot  is  in  duplicate,  and  consists  of 
two  Shiclair  boilers  fitted  with  mechanical  stokers,  and  a  pair  of 
hi^li- pressure  steam-engines  with  cylinders  of  14  inches  diameter 
and  28-inch  stroke,  with  Piocll  valve  gear.  The  grip  pulley, 
cable  gearing,  and  car  grippers  are  similar  to  those  supplied  for 
the  Edinbur^^h  cable  lines.  The  cars  are  douule-deekers,  and 
have  garden  scats  both  inside  and  outside,  seating  31  passengers. 
The  whole  of  the  permanent  \va\,  engines,  boilers,  cars,  and  cables 
were  provided  through  Messis.  Dick,  Kerr  &  Co.  to  the  designs 
of  Mr.  W.  N.  (Jolara.  Mr.  Croydon  Marks  was  engineer  to  the 
company. 


Brixton  Cable  Route  op  the  London  Tramways. 

The  Brixton  Cable  Tramway  of  the  London  Tranuvays  Comj)any 
has  a  track  length  of  5^^  niileii,  to  a  gauge  of  4  feet  Z\  inches  ; 
and  runs  ftorn  near  Kennington  Park  through  the  busy  thorough- 
fares of  Brixton,  uj)  Slreatham-hill  to  a  jjoint  near  Streatham- 
hill  Station.  The  deput,  situated  at  the  Streathani  terminus,  is 
of  large  uiniensions,  covering  a  piece  of  ground  ,^70  feet  by  no 
feet.   Its  anangement  is  shoivn  in  detail  in  Figs.  337  to  339 
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(Plates  V.  and  VI.).  It  was  built  lo  accommodate  the  machinery 
and  cars  necessary  for  working  an  extension  of  the  line  to 
Streathara  Common  :  a  further  distance  of  about  three  miles  of 
route.  The  London  tramway  line  was  opened  for  horse  traffic 
about  the  year  1875  >  cable  tramway  &om  Kenniogtoa  to 

Telford  Park,  in  December,  1892. 

The  cable,  about  six  miles  in  length  io  one  rope,  was  maimfkc- 
tond  of  special  steel,  and  it  weighs  about  50  tons.  It  runs  a1oii|^ 
the  road  in  a  ooocrete  tube,  constructed  centrally  along  both  np 
and  down  tracks,  somewfaaft  aiaular  to  the  arrangement  in  the 
case  of  the  Edinburgh  tramway  shown  in  Figs.  31S  and  319  (p^ie 
535)'  '^^^  xx^it,  which  is  properly  drained,  is  19  inches  <ieep 
and  9  inches  wide.  In  the  road,  however,  there  is  but  a  con- 
tinuous slot  \  inch  wide ;  this  slot  being  formed  by  rolled  steel 
slot-rails  fixed  to  cast-iron  yokes  embedded  in  concrete.  The 
speed  of  the  cable  is  8  miles  per  hour. 

In  the  tube  on  the  straight  road,  at  intervals  of  about  50  feet, 
vertical  pullejrs,  as  in  Fig.  320,  are  placed,  and  on  the  curves  hori- 
zontal pulleys  (Fig.  321),  at  intervals  proportionate  to  the  curves. 
These  pulleys  cany  the  cable  so  that  normally  it  is  from  x\  inches 
to  %\  inches  out  of  the  centre  line  of  the  slot :  no  road  dirt,  there- 
fore, falling  on  it. 

Over  each  pulley  a  hatch  cover  (Fig.  3x9)  18  inches  by  9  inches, 
is  placed  in  the  road.  This  cover  is  fitted  with  wood  blocks, 
and  is  very  little  distinguishable  from  the  ordinary  paving. 

At  the  Kennington  terminus,  large  pulleys  are  provided  for  the 
purpose  of  passing  the  cable  firom  the  up  line  to  the  down  line, 
similar  to  Fig.  322  (p.  538).  At  Stieatham,  similar  pulleys  are 
provided  to  pass  the  cable  into  the  depdt 

Ordinary  horse  cars  are  employed  on  die  line  for  passenger 
traffic,  coupled  to  a  cable  car  for  the  purposes  of  cable  traction. 
On  the  cable  car  the  gripping  apparatus  is  mounted.  Such  a 
disposition  was  rendered  necessary  by  the  fact  that  at  Kennington 
the  passenger  tar:-  arc  dcsj:»..itc:hcd  lo  tliree  difterent  termini  by 
means  of  horses,  and  it  was  thought  undesirable  to  increase  the 
weight  of  their  cars  by  the  gripping  apparatus.    The  cable  cars 
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simply  cany  the  gripper  and  the  driver,  the  Board  of  Trade 
objecting  to  their  canying  paaaengers  until  after  the  line  had 
been  in  opemtion  for  some  time* 

Each  cable  car  is  provided  with  a  double-jawed  gripper,  some- 
what similar  to  Fig.  334 — ^t  is,  a  gripper  which  is  capable  of  nse 
on  both  the  up  and  the  down  lines.  The  gripper  is  suspended 
from  the  car  framing  in  such  a  way  that  it  is  free  to  move  firom 
leit  to  right :  a  movement  which  is  necessaty  when  roundmg  the 
cnrves  in  the  slot  The  shank,  which  is  is  inches  wide  and 
\  inch  thick,  passes  through  the  slot,  and  is  fitted  with  upper 
and  lower  jaws  for  gripping  the  cable.  The  upper  jaw  maintains 
a  fixed  level  in  the  tube;  whilst  the  lower  jaw  can  be  raised  or 
lowered  by  means  ol  the  hand-wheel  and  screw,  as  seen,  above 
the  car  floor,  to  the  extent  of  6  inches,  thus  rendering  it  possible 
to  pick  up  the  cable  at  any  part  of  the  road.  Both  jaws  are 
Imed  witii  soft  cast-iron  dies,  which  are  easily  renewable.  In 
rounding  curves  in  the  road  a  horizontal  roller  is  provided  in  the 
gripper  shank,  and  this  then  rolls  on  a  recess  in  the  slot  rail. 

There  are  four  double-furnace  Babcock  &  Wilcox  water-tube 
boilers,  ha\  ing  a  working  pressure  of  140  lbs.  per  square  inch. 
They  arc  provided  with  \'icars'  mechanical  stokers  and  coal  ele- 
vators ;  also  an  automatic  arrangement  for  maiiiLaiiiing  the  steam 
steadily  at  one  pressure  without  i.  ^.ference  on  the  part  of  the  man 
in  charge.  The  arrangement  is  worked  by  a  jet  of  steam  from  the 
boiler  in  such  a  way  that  as  the  pressure  rises  above  the  normal 
working  pressure  the  stokers  are  stopped,  and  when  it  falls  the 
stokers  go  on.    Rain-water  is  collected  in  settling-tanks. 

The  engines  for  driving  the  line  are  in  duplicate.  There  are 
two  pairs  of  high-pressure  compound  steam  eni^ines  with  high- 
pressure  cylinders  of  20  inches,  and  low-pressure  cylinders  of 
32  inches  in  diameter  resj^ectively,  and  the  stroke  of  both  is 
50  inches.  Each  pair  of  engines  is  capable  of  driving  12  miles  of 
cible  with  the  necessar)'  cars,  and  is  now  developing  about  half 
its  maximum  power,  the  high- pressure  cylinders  alone  being  used. 
One  pair  of  engines  is  placed  at  each  end  of  the  first  motion-shaft, 
the  two  cylinders  driving  on  to  a  U  crank  and  a  disc  crank  respec- 
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lively.  The  valve  gear  on  the  high-pressure  cylinders  is  of  the  Proell 
type;  the  low-pressure  cylinders  are  fitted  with  Corliss  valves. 
The  motion  of  the  engines  is  communicated  to  the  counter  or 
cable  shaft  by  means  of  a  rope-drive,  which  forms  the  chief  feataie 
of  novelty  in  the  engine-house.  The  latio  of  the  gearing  is  three 
to  one,  and  the  large  wheel  on  the  countershaft  is  30  feet 
diameter.  Each  wheel  is  grooved  for  twenty-four  6i-inch  ropes, 
3  inches  in  diameter. 

A  rope  drive  was  installed  instead  of  gearing  in  order  to 
insure  a  minimum  of  vibration  and  noise,  the  depdt  being  built 
in  a  residential  neighbourhood. 

At  one  end  of  the  countershaft  is  a  Mather  k.  Piatt  clutch  of 
the  outside  grip  pattern,  which  can  be  worked  by  means  of  a  lever 
placed  near  the  engine  stop-valve,  thus  Insuring  complete  control 
of  the  machinery  from  one  point  The  clutch  communicates  the 
motion  of  the  countershaft  to  the  grip  pulley,  the  pulley  whicb 
moves  the  cable.  A  similar  clutch  and  pulley  are  to  be  placed  on 
the  other  end  of  the  countershaft  to  drive  the  second  cable  when 
the  extensions  are  made.  The  grip  pulley  is  of  the  solid  jaw  type ; 
the  jaw  being  a  parallel  groove  running  round  the  pulley,  the 
cable  restmg  on  a  small  shoulder  on  either  side  of  the  jaw.  The 
jaw,  formed  of  white  metal  slabs  cast  in  place,  and  renewable,  is 
found  not  to  do  any  harm  to  the  cable.  This  method  of  drive  should 
be  contrasted  with  the  present  American  pnactice — two  Walker 
differential  drums  having  three  or  four  complete  wraps  of  the 
cable,  whereas  a  three-quarter  lap  is  found  to  do  the  work  io 
London,  and  has  been  found  equal  to  any  strain  put  on  it.  The 
cable,  after  leaving  the  grip  pulley,  is  conducted  by  another  wheel 
to  the  tension  pulley,  which  is  mounted  on  a  wrought-iron  carriage 
free  to  run  on  rails.  A  uniform  tension  is  maintained  on  the  cable 
by  a  wcii^ht  suspended  from  the  back  of  the  tension  carriage.  The 
rise  or  iall  ul  liu^  wcii^iu  is  a  ))erfect  indicator  of  the  amount  of 
bUam  on  the  cabie,  j-iul  I  v  waiching  its  movemeius  a  very  gooil 
idea  Eiav  be  gained  of  ilic  lluctuations  of  the  load  which  have  to 
be  provided  lor  in  a  cable  tramway,  in  order  to  insure  the  smooth 
anil  steady  running  of  the  cars  on  the  road. 
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The  depdt  is  built  on  a  level  lo  feet  above  the  level  of  the 
main  zoad,  and  the  cais  in  returning  to  the  shed  have  to  mount 
a  long  incline  of  i  in  20.  An  auxiliaiy  fope  b  provided  here, 
which  is  driven  by  a  dutch  on  the  countershaft,  at  a  speed  of 
about  3^  miles  per  hour.  It  is  so  arranged  that  the  cars  can  take 
this  rope  on  the  main  line,  mount  the  incline,  and  pass  on  to  a 
traverser  which  commands  the  whole  width  of  the  car-shed,  and  is 
moved  by  aiiuiher  ro^e  on  the  main  ciiL^ines. 

Machinery  is  provided  for  changing  the  cables  on  ihc  mam  line, 
together  with  the  necessary  storage  drums.  Machines  are  also 
provided  for  doing  all  necessary  repairs,  such  as  slotting,  planing, 
drilling,  turning.  The  necessary  power  for  driving  all  this  ma- 
chinery is  obtained  from  the  barring  engine. 

A  travellincj  crane  is  provided  ;  of  55  feet  span  to  lift  24  tons 
on  two  winches.  This  crane  travels  the  whole  length  of  the 
engine-house,  which  is  150  feet. 

Mr.  W.  N.  Colam  was  the  engineer  for  the  whole  of  the  w  ork, 
including  the  buildings  ;  Messrs.  Dick,  Kerr  &  Co.  were  the  con- 
tractors for  the  road,  gripping  gear,  engines,  and  most  of  the 
machinery ;  Messrs.  Babcock  5:  Wilcox  supplied  the  boilers ; 
Messrs.  Cradock  &  Co.  the  cable ;  and  Messrs.  Lucas  &  Aird  the 
buildings. 

The  Company  possess  in  their  Brixton  route  one  of  the  most 
complete  installations  for  cable  traction.  They  have  applied  to 
Parliament  for  an  extension. 
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CHAPTER  L 

ELECTRW  POWER  AS  APPLIED  TO  TRAMWAYS, 

The  only  available  source  of  electrical  eneigy  was  until  cofupan- 
tivclyrecentl\-  tlie  galvanic  battery,  and  attempts  have  been  made, 
since  the  beginning  of  the  century,  to  apply  that  force  for  obtain* 
ing  and  tiansmitting  power.  The  hopelessness  of  the  attempts  is 
obvious*  A  pound  of  ainc  is  produced  by  the  combustion  of  from 
15  lbs.  to  80  lbs.  of  coal,  and  while  a  pound  of  coal  in  bimiiag 
gives  out  13,000  heat-units,  a  pound  of  sine  in  burning  gives  only 
3,340  units.  Thus  zinc  gives  in  burning  only  one*fiftb  of  the  effect 
in  energy  that  coal  does,  and  taking  the  cost  of  zinc  at  6Ay  times 
that  of  coal,  it  follows  that  the  cost  of  energy  in  the  case  of  a 
galvanic  battery  is  approximately  two  hundred  and  fifQr  times 
greater  than  in  a  steam  boiler* 

For  the  purpose  of  mechanical  traction  on  tramways,  electric- 
power  may  be  transformed  into  mechanical  power,  with  a  huge 
percentage  of  efficiency.  The  dynamo  is  the  source  with  which, 
principally,  electricity  has  been  associated.  The  current  pro- 
duced is  known  as  inductional  electricity,  as  it  is  roagnettoilly 
induced  by  the  revolution  of  the  armature  of  the  dynamo.  The 
motor  is  connected  to  the  wheels  of  the  car,  for  the  purpose 
of  propulsion,  by  direct  gearing  or  by  reducing  gear.  Sell  con lained 
motor  trucks  comprise  a  ni^id  framework  resting  on  the  axle-boxes. 
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The  body  of  the  car  rests  on  and  is  fastened  to  the  frame.  Thus 
may  be  provided  an  elastic  gear  connection ;  the  axle-journals  are 
noaintatned  parallel ;  and  the  gearwheels  may  be  properly  pro- 
portioned to  reduce  the  speed  of  the  armature  from,  say,  3,500 
revolutions  per  minute,  for  a  suitable  speed  of  the  car  on  the  rails. 
In  order  to  secure  a  sufficient  degree  of  adhesion  for  propulsion, 
it  is  expedient  to  provide  two  motors  to  each  truck,  geared  to 
independent  axles. 

To  transmit  current  from  the  dynamo,  or  aerator,  to  the 
motors  on  the  car,  it  is  necessary  that  a  complete  metallic  drcuit 
should  extend  from  the  generator  to  the  car,  and  xetum  to  the 
generator.  Positive"  current  is  conveyed  over  that  part  of  the 
circuit  which  leads  out  from  the  generator.  **  Negative"  current 
is  ilic  return  current  leading  back  to  the  generator. 

It  is  rcvidily  seen  that  an  electric  motor  can  be  connected  by 
reducing  gear  to  tlic  wlieels  of  a  trarn-car  Lu  cause  them  to  revolve  ; 
in  the  manner  of  a  turning-lathe,  for  instance.  But  the  peculiar 
difficulty  in  dealing  with  electric  traction  is  to  convey  the  elec- 
tricity produced  at  the  supply  station  to  the  electric  motor  on  the 
moving  cars : — properly  to  locate  these  conductors,  with  the  best 
mean.-,  of  securing  a  continuous  movable  contact. 

(i.)  On  so:  11c  early  tramways,  a  third  rail  was  laid,  on  msulating 
material,  through  which  positive  current  was  transmitted,  and  from 
which,  by  means  of  a  brush  or  wheel,  the  current  was  taken  up, 
passed  through  the  motor,  and  thence,  by  means  of  the  car-wheels, 
to  the  rails  of  the  way,  through  which  it  was  returned  to  the 
generator. 

(2.)  Underground  communication  by  two  wires  or  metal  rods, 
one  for  positive  current,  the  other  for  native  current,  in  a  shallow 
conduit  laid  between  the  rails  or  at  one  side  of  the  way.  Contact 
with  the  conductor  is  effected  by  means  of  brushes  or  ploughs, 
supported  by  a  thin  iron  plate  or  finger  hung  to  the  truck,  and 
moving  along  a  narrow  longitudinal  slot  in  the  top  of  the  conduit. 
One  brush  takes  up  current  from  the  positive  wire  and  conveys  it 
to  the  motor,  whence  it  is  returned  to  the  negative  wire  through 
the  other  brush.  The  conducting  wires  must  be  carefully  insu* 
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lated  from  the  sides  of  the  conduit,  and  from  contact  with  the 

slot-rails. 

(5.)  The  overhead  system  of  connection  is  the  system  most 
gcnemll}'  pn.])loyed.  It  includes  the  methods  of  (i)  supporting 
one  or  both  conductors  on  trolleys,  and  (2)  making  contact  with 
them  above  tlie  car.  Of  these,  the  single-wire  under-contact 
'  arrangement  is  the  more  popular.  The  positive  wire  is  supported 
over  the  centre  of  the  way  bf  means  of  cross  wires  attached 
to  poles  at  the  side  of  the  street,  or  by  means  of  cross-arms  on 
poles  placed  between  the  ways.  For  single  lines  of  way,  side  poles 
with  brackets  are  used.  The  trolley  wires  are  braced  on  ciuves. 

In  the  single-troltey  system,  the  rails  are  utilised  for  the  return 
or  negative  current ;  and  for  this  purpose  the  ends  of  the  rails  are 
wired  together,  and  are  usually  supplemented  by  one  or  more  return 
wures  which  are  buried  beneath  the  pavement,  to  which  each  sec- 
tion of  rail  or  casting  is  connected  by  means  of  branch  wires.  The 
bonds  are  riveted  to  the  rails.  Galvanised  iron  wire  is  recom- 
mended for  rail-bonds  and  way  wiring.  Copper  wiring  deteriorates 
rapidly  by  electrolysis. 

The  way  connections  should  return  the  current  to  the  generator 
in  a  direct  path — having  a  minimum  of  resistance  in  the  return 
circuit— ^d  resulting  in  economy  of  power,  and  efficient  service 
from  the  motors. 

In  some  soils  the  resistance  of  the  rail-return  may  be  reduced 
and  leakage  avoided,  by  driving  metal  rods  or  pieces  of  gas  pipe 
10  or  15  feet  down  into  the  ground  and  connecting  these  rods 
with  the  rails  or  a  supplementary  wire. 

In  place  of  rods,  copper  ground  plates,  having  from  30  to  40 
sq.  ft.  of  surface,  may  be  placed  at  intervals  of  1,000  feet,  and  at 
a  dcpili  sulticient  to  insure  their  being  always  in  moist  ground. 

For  supporting  the  overhead  wire,  poles  of  svooii,  iron,  or  steel, 
from  20  to  30  ieet  long,  aiay  be  empli>\  llI.  The  best  timber  is 
chestnut,  cedar,  or  Georgia  pine.  Wooden  poles  on  straight  lines 
should  be  from  7  to  8  inches  in  diameter  at  the  toj),  and  at  least 
from  10  to  12  inches  at  the  base ;  but  iron  or  steel  poles  are  more 
desirable  than  wooden  poles.    The  poles  are  usually  placed 
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125  feet  apart,  and  they  should  be  set  at  least  6  feet  deep  in  the 
ground  in  a  foundation  of  concrete.  Near  the  top  of  the  pole  a 
device  should  be  provided  to  secure  the  most  perfect  insulation 
for  the  suspension  wire.  The  trolley  wire  is  supported  from 
above  without  obstructing  the  passage  of  the  under-running  trolley 
wheel. 

The  trolley  wire  should  not  be  smaller  than  No.  o  ('325  inch) 
of  hard  drawn  copper  wire  or  silicon  bronze  wire. 

Feed  JVire. — ^Tbe  trolley  wire  is  usually  not  large  enough  to 
transmit  the  power  to  a  long  distance  without  undue  loss ;  and  it 
is  advantageous  to  supply  the  current  to  the  trolley  wire  at 
intervals,  by  means  of  auxiliary  insulated  feed  wire.  By  this  means 
a  nearly  uniform  potential  can  be  niaintaincLi  at  all  points  of  lIic 
line.  Subways,  or  electric  conduits  for  feed  wires,  should  be  of  non- 
conducting tubing,  through  which  the  bare  conductors  can  be  laid  ; 
and  the  tubing  should  be  enclosed  in  a  creosoted  plank  casing. 
Contact  of  the  moving  car  with  the  overhead  wire,  for  the  purpose  of 
conducting  the  current  through  the  controlling  mechanism  on  the 
car  to  tlie  respective  j)oles  of  the  motor,  is  made  by  means  of  a 
trolley  pole  and  stand.  The  relation  or  the  cars  to  the  circuit 
is  illustrated  by  diagram,  Fig.  340,  showing  that  the  current  seems 
to  start  from  the  positive  brush  of  the  generator,  G,  and  along  the 
overhead  conductor  in  the  line  of  the  arrows  until  it  reaches  the 
trolley,  t,  of  one  of  the  motor  bars,  which  is  in  contact  with  the 
conductor.  Here  a  portion  of  the  current  passes  down  through 
the  trolley  to  the  motors  m,  m,  as  shown  by  the  dotted  line.  The 
current  having  done  its  work  m  the  motors  goes  on  the  rails 
through  the  wheels  and  by  the  rails  return  wire,  w,  back  to  the 
negative  brush  of  the  generator.  The  main  portion  of  the  current, 
which  divides  at  t,  passes  on  to  feed  the  other  cars  upon  the 
line  in  the  same  manner,  each  car  taking  from  the  conductor  only 
the  necessary  amount  of  current  to  develop  the  required  power, 
while  the  entire  return  current  is  carried  by  the  rail  and  a  supple- 
mentary wire. 

The  trolley-stand  consists  of  an  upnght,  firmly  attached  to  the 
roof  of  the  car,  and  a  long  wooden  or  iron  arm  mast,  pivoted  near 

o  o 
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one  end  upon  the  top  of  tne 
upright.  The  long  arm  of 
the  mast  carries  a  ineial 
trolley  wheel  which  is  held 
firmly  up  against  the  under 
side  of  the  conductor  by 
strong  springs  attached  to  the 
short  eod  of  the  arm  and 
connected  ^^  ith  the  base  oi 
the  standard.  The  mast 
springs  and  attacfaments  are 
all  free  to  swivel  upon  the 
upright. 

An  insulated  wire  em- 
bedded in  the  mast  conducts 
the  current  from  the  trolley 
wheel  to  the  controlling 
switches  on  the  car,  but  in 
place  of  a  trolley  wheel, 
a  sliding  contact  may  be 
obtained  by  means  of  a 
carbon-IiDed  metal  brush  at 
the  end  of  a  trolley  pole. 

Two  overhead  wires,  5 
inches  or  6  inches  apart, 
are,  as  already  stated,  some- 
times employed  in^^u  i  i  of 
the  single  u\  Li  acad  wuc  and 
rail  connections  to  form 
the  necessary  metal  circuit. 
Two  trolley  wheels,  or  two 
masts,  each  carn,  ing  a  wheel, 
are  required,  one  wheel  in 
contact  with  the  positive 
wire  and  the  other  with  the 
negative  wire.   The  cuireut 
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is  thus  caaducted  from  one  wire  to  the  motors  and  back  to  the 

other  wire. 

As  to  the  wiring  of  the  car,  and  how  the  wires  are  connected 
with  the  switches  and  with  the  poles  of  the  motors.  Usually  a 
switch  on  each  platform  directs  the  current  to  both  motors,  and 
Gontrols  the  speed  and  the  direction  of  the  car.  In  addition,  the 
flow  of  current  through  the  motors  is  controlled  : — according  to  oiu 
^stem,  by  a  peculiar  winding  of  the  field  magnets ;  by  another  system^ 
current  is  controlled  through  a  "  rheostat,"  or  resistance  box,  by 
which  any  abnormal  flow  of  current  through  the  armature  is 
prevented,  and  the  motor  is  enabled  to  start  gradually.  It  is 
in  the  fonn  of  a  half  aide,  mounted  under  the  floor  of  the  car. 
Resistance  Is  produced  by  small  pieces  of  thin  sheet-iron,  side  by 
side,  separated  by  mica,  so  arranged  that  they  are  connected  in 
series  throughout  the  rheostat  At  proper  intervals,  contact  pieces 
of  heavy  sheet*iron  are  provided.  The  whole  is  secured  in  a 
semi-drcnlar  iron  case  thoroughly  insulated  with  mica  throughout. 

Storagie  Batteries^  Aeeumuiafars,  or  Secondary  BaUeries^  belong 
to  a  dass  of  chemieai  batteries^  in  which  chemical  action,  primarily 
induced  by  the  application  of  a  current  of  electricity,  supplied  from 
a  primary  battery  or  from  a  dynamo,  enables  a  strong  current  to 
be  given  back  any  time  after  cutting  oft'  tlie  charging  current.  This 
derived  curreiit  is  tlic  jjrutluct  of  chemical  reaction. 

Tlie  accaiuulalur  byaiciu  ot  i>turagc  bj.itcr:c:j,  or  .secondary 
batteries,  is  the  simplest  and  most  convenient  method  of  convey- 
ing the  electricity  produced  at  the  supply  station  to  the  electric 
motor  on  the  cars.  The  stored  energy  is  carried  in  accinnulators, 
which  are  placed  under  the  seals  of  the  car,  and  connected  by 
wires  through  a  regulating  switch  to  the  motor.  But  there  is  an 
unn.voif!.i!)le  loss  m  the  use  of  current  taken  from  accumulators, 
and  tliere  is  a  loss  in  addition  due  to  the  additional  weight  of  the 
accumulators  to  be  drawn. 

Electrical  Terms  and  Units. 
It  may  be  useful  to  recapitulate  these  here  : 
W/.— Unit  of  electro-motive  force  (E.M.F.)  :  EUctnc  Frasure. 
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Ampere. — Unit  ot  current;  mtc  at  which  electric  curreDl  is 
transmitieci  through  tiie  conductor  forming  the  circuit. 

O/  'v  —  Unit  of  electric  resistance  in  the  conductor.  Rcsutam 
is  that  which  tends  to  stop  the  flow  of  electricit>'. 

Wait. — Unit  to  express  rate  at  which  electric  power  is  absorbed 
or  developed  in  an  electric  system,  stated  in  terras  of  any  two  ot 
the  other  units.  It  serves  as  a  means  of  comparison  between 
electrical  and  mechanical  power. 

Thus,  to  measure  the  power  exerted  by  a  current  in  a  wire,  the 
of  electro-motive  force  and  the  amperes  of  current  are  mea- 
sured. The  two  nmnbeis  are  multiplied  togetlier.  Or,  the  same 
result  is  obtained  by  multiplying  the  square  of  the  cuneut  in 
amperes  by  the  resistance  in  chms.  Products  are  the  same,  and 
give  the  rate  of  doing  work,  or  the  watts. 

A  Watt  is  —       th  part  of  a  horse-power. 

Resistance  of  Condutiors  (say,  a  wire),  is^  xst,  proportional  to  its 
length ;  2nd,  is  inversely  proportional  to  the  area  of  section ;  3rd, 
depends  on  the  material  of  which  it  is  made. 

Conducting 
power.  ReriitenoQ. 

Silver  loo  '2421 

Copper   99*55  '2106 

Iron  ......  i6"8i  i'2425 

Lead   8- 32  3"  236 

German  silver  ....  —  2*652 

Volts      .  _  ^  Volts 

=  Amperes  of  current.     ,  Ohms. 

Ohms  Ampereb 

The  United  States  of  America  are  conspicuously  in  advance  of 

the  United  Kingdom  in  the  application  of  electrical  traction  to 

tramways.    In  nearly  every  town  in  America,  horse  traction  has 

been  cilucr  totally  or  in  part  superseded  by  electrical  traction. 
In  the  year  1S9-,  liic  iumber  ot  electrical  tramways  in  the  United 
States  was  430,  with  3,532  niilcs  of  track  and  5,851  motor  car^. 
travelling  in  the  aggregate  50,000,000  miles  and  carrying 
250,000,000  passengers  annually.    On  the  Continent,  many  im- 
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portant  city  tramway  systems  are  now  worked  electrically.  (For 
a  list  of  electrical  tramways  in  Europe,  compiled  by  Mr.  R.  Ham- 
mondy  see  Appendix.)  On  the  other  hand,  the  British  and  Irish 
electrical  tramways,  aggregating  22  miles  of  way,  have  been  reduced, 

doring^  the  past  five  years,  by  three  on  account  of  the  abandonment 
of  electrical  working  on  those  lines,  whiUt.  only  six  new  lines  have 
been  added  to  the  Itbi,  making  33  j  miles  of  way  in  all. 


Elkc  irical  Tramways  in  thk  United  Kingdom,  1893. 


Year  or  ^ 


1883 

1883 

1885 

1886 
1886 
1889 
1890 

1890 

1891 
1891 

1893 
'893 


5  P  o  I  t  r  u  s  h  a  n  (i  (  i 
{     Giant's  Causeway  \  I 

Brighton  Beach  .  I 
j  Besshroolc  and  )  • 
^     Newry  Tramway .  j 

Ryde  Pier     .  . 

Blackpool     .  . 

Carstairs  .    .  . 

Birmingham  .  . 
S  City     and  South 
}     London     .  . 

Southend  Pier  . 

Guernsey  .    .  . 

Leeds  •    .    .  . 

South  Staffordshire 

Liverpool  Overhead 


8 
I 

3i 
h 

2 

3i 


3i 


S)-ateiii. 


Side  conductor  . 

Rails  .... 

Central  conductor 

Side  conductor  . 
Conduit    .   .  . 

Side  roiiductors 
Accumulator 

Side  conductor  . 

Central  conductor 
Overhead  conductor 
. »  »» 
. »  »♦ 
Central  conductor  . 


Water-power 

Gas-engine 

Water-power 

Gas-engine 
Steam 

Water-power 

Steam 
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EARLY  ELECTRICAL    i RAM W ATS. —BESSB ROOK 
AND  NEWRV  TRAMWAV, 

Early  Electrical  Tramways. 

The  application  of  electrical  transmission  of  power  to  railways 

was  fir^it  exhibited  by  Dr.  W  erner  Siemens,  at  the  Berlin  Exhibi- 
tion of  1S79.  The  current  proiluced  by  a  dyiuimo  uku  ;iine.  hxeJ 
It  J  conveiiient  station  and  driven  by  a  steam-engine  or  other 
motor,  was  conveyed  to  a  dynamo  placed  upon  the  moving  car, 
through  a  central  rail  supported  upon  insulating  blocks  of  wood  : 
the  two  wt>rking  rails  serving  to  convey  the  return  current.  The 
line  was  900  yards  in  length,  of  2  feet  gauge,  and  the  moving  car 
served  its  jiurpose  of  carrymg  twenty  visitors  through  the  Exhibi- 
tion ea(  li  trip. 

The  success  of  this  experiment  led  to  the  laving  of  tlie  Lichter- 
felde  line,  in  which  both  rails  were  placed  upon  msulating  sleepers 
and  served  respectively  for  the  conveyance  of  the  current  from  the 
power  station  to  the  moving  car,  and  for  completing  the  return 
current 

This  line,  which  is  2,500  ytrds  id  length  on  a  gauge  of  3i  feet, 
is  worked  by  two  dynamo-machines,  developing  an  aggregate 
current  of  9,000  watts,  equal  to  is  hoise-power.  The  line  bss 
been  in  operation  since  May,  18S1. 

A  line  \  kilometre  in  length,  of  4  feet  %\  inches  gauge,  was 
laid  at  Paris  in  connection  with  the  Electrical  Exhibition  of  i88t. 
Two  suspended  conductors,  each  in  the  form  of  a  hollow  tube 
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with  a  longitudinal  slit,  were  adopted,  the  contact  being  made 
by  metal  bolts  drawn  through  the  slit  tubes,  and  connected 
with  the  dynamo-machine  on  the  moving  car  by  copper  ropes 
j)assing  through  the  roof.  On  this  line  95,000  passengers  were 
conveyed  in  the  course  of  seven  weeks. 

An  electrical  line  765  yards  long,  2  feet  9  inches  in  gauge»  has 
been  worked  in  connection  with  the  Zaukerode  Colliery  since 
October,  1882. 

An  electrical  tranuvay,  8  miles  in  length  and  3  feet  in  gauge,  was 
opened  in  1SS3,  connecting  the  town  of  I^ortrush  with  the  Giant's 
Causeway,  in  the  North  of  Ireland.  It  was  designed  by  Dr.  C.  W. 
Siemens. 

The  rails  are  not  insulated  from  the  ground,  but  joined  elec- 
tricallv  by  means  of  copper  staples.  The  return  circuit  is  thus 
formed,  the  current  being  conveyed  to  the  car  through  a  T-iron 
placed  upon  short  standards  about  3  feet  high,  and  insulated  by 
means  of  insulite  caps.  The  power  is  produced  by  the  utilisation 
of  a  waterfall  near  Bushmills  by  means  of  three  turbines  of 
40  hoise-power  each  and  giving  motion  to  a  shunt-wound  dynamo 
of  15,000  watts  equal  to  so  horse^power.  The  working  speed  is 
10  miles  per  hour. 

An  electrical  tramway  half  a  mile  long,  and  similar  to  the  Port- 
rush  line,  was  laid  on  the  Ryde  Pier.  It  was  constructed  by 
Messrs.  Siemens  Brothers,  and  was  opened  in  x886  for  electrical 
traction,  converted  from  horse-power.  The  generating  dynamo  is 
driven  by  a  gas-engine.  The  electrical  working  cost  in  December, 
18S6,  was  6'3d.  per  mile  run,  against  8d.  for  horse  traction. 


Bessbrook  and  Newry  Tramway.* 
A  line  of  electrical  tramway  was  constructed  between  Newry 
and  Bessbrook  (Co.  Armagh,  Ireland)  for  the  carriage  of  coal  and 

•  The  material  for  the  notice  of  this  undertaking  has  been 
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flax  from  tbe  wharves  to  the  mills,  as  well  as  the  down  trat^ic  of 
manuiactttred  goods,  tbe  abundant  water  power  available  ofiering 
exceptional  advantages  for  the  line  being  worked  electrically. 

In  the  construction  of  the  line  the  following  conditions  bad  to 
be  met.  Ten  trains  were  to  be  run  in  each  direction  per  day»  pro- 
viding for  a  daily  traffic  each  way  of  xoo  tons  of  minerals  and 
goods,  and  capable  of  dealing  with  200  tons  in  any  single  day,  in 
addition  to  the  passenger  traflic : — the  electrical  locomotive  to  be 
capable  of  drawing  a  gross  load  of  i3  tons  on  the  up-joumey,  in 
addition  to  the  tare  of  the  car  itself,  and  its  full  complement  of 
passengers,  at  an  average  speed  oi''6  miles  per  hour,  and  a  load  of 
13  tons  at  an  average  speed  of  9  miles  per  hour. 

The  contract  for  the  construction  of  the  line  was  of  a  rather 
special  character:  the  company  agreed  to  place  the  line  entirely  at 
the  disposal  of  Dn  Edward  Hopkinson,  to  whom  its  construction 
had  been  entrusted,  for  a  period  of  time,  and  to  purchase  the 
electrical  plant  at  a  fixed  sum,  when  the  above  conditions  had 
been  complied  with,  and  it  had  been  shown  that  the  cost  of 
working  as  cvidenccil  by  six  nionlhs'  tiial  did  uul  exceed  liic 
cost  of  steam  traction  on  a  similar  line. 

The  vvuik  was  commcncctl  in  November,  1SS4,  and  the  line 
opened  for  tratiic  m  Ocluber,  18S5  ;  it  was  formally  taken  over 
by  the  company,  as  having  fulfilled  the  conduiorii  of  ihe  contract, 
m  the  following  April.  Since  that  time  it  has  been  iu  regular 
daily  operation. 

The  lulal  length  of  the  line  is  3  miles  2*4  chains,  the  maxiumii) 
gradient  is  i  in  50,  and  the  average  gradient  is  1  in  86.  The 
gauge  is  3  feet.    I'or  illustrations  of  the  way,  see  page  392. 

The  locomotive  equipment  of  the  line  consists  of  two  passenger 
cars,  33  feet  and  21  feet  8  inches  long  respectively,  each  provided 
with  a  motor.  The  body  of  the  car  is  carried  on  two  four-wheeled 
bogies,  with  a  wheel-base  of  4  I  feet,  the  motor  being  carrietl  on  the 
front  bogie  independent  of  the  body  of  the  car  (Fig.  341).  By  this 

derived  from  Dr.  Edward  Hopkinson  s  paper  on  '*  Electrical  Tram- 
ways," in  the  Minutes  of  the  Proceedaiiis  of  the  Jnstitutwn  of 
Civil  Engineers^  vol.  xci.,  1887—88. 
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arrangement  the  cars  are 
enabled  to  traverse  the 
5  5 -feet  curves  at  the  ter- 
mini with  great  facility, 
and  also  relievesthebody 
of  the  car  from  the  vibra- 
tion due  to  the  driving. 
The  body  of  the  longer 
car.  Fig.  341,  is  divided 
into  three  compartments; 
the  front  one  covers  the 
motor  ;  the  second  forms 
a  second-class  compart- 
mentf  seating  twenty- 
four  passengers ;  and  the 
third,  a  iirst-class  com- 
partment   seating  ten 
passengers,  is  separated 
from  the  second  by  a 
cross  passage.  The  front 
bogie  carrying  the  motor 
has  an  ''xtended  plat- 
form projecting  3  feet 
7  inches  beyond  the 
body  of  the  car,  and 
cGiomunicating    by  a 
slide  -  door   with  the 
dynamo  compartment, 
thus  givmg  the  driver 
direct  access  to  all  parts 
of  thedriving  machinery, 
which  are  at  the  same 
time  entirely  boxed  off 
from  the  passenger  com- 
partments.     All  four 
wheels  are  braked  by  a 
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powerful  screw-brake,  worked  from  the  front  of  the  driving  platforxD, 
on  which  is  also  fixed  the  switch-board  controlling  the  motor. 
The  wheels  of  the  back  bogie  are  braked  by  a  chain  brake,  worked 
from  the  cross-passage,  and  are  under  the  control  of  the  conductor. 
This  brake  is  also  prepared  for  coupling  to  the  wagons.  The  total 
weight  of  the  car  is  8|  tons,  distributed  as  follows : — 

Tons.  Cwt.  Qrs. 

Car  body  361 

Leading  bogie  I    17  2 

Trailing  ......100 

Dynamo  bed-plate,  armature,  and  accessories      2     1  1 

850 


The  shorter  locomotive-car  is  sinular,  but  without  the  first-class 

compartments.  There  is  also  a  third  passenger-car  of  the  same 
length  as  the  first,  accommodatiijg  lorly-four  passc;i^crs,  and 
similarly  carried  on  two  tuur-w  heeled  bogies.  Tins  car  weighs 
tons.  The  wacons,  having  flangeless  wheels,  are,  with  the 
way,  debcribed  and  illustrated  in  pages  393  to  397. 

The  generating  machinery  is  fixed  at  Mill  vale,  a  distance  of 
68  chains  from  the  Bc^^brook  terminus.  At  this  point,  in  close 
])roximiiy  to  the  line,  there  is  an  available  fall  of  28  feet  in  tiie 
Camlough  stream,  down  which  there  is  a  guaranteed  minimum 
flow  of  3,000,000  gallons  per  day.  The  turbine  is  au  inward  flow 
vortex  wheel  with  double  buckets,  working  on  a  horizontal  shaft 
extended  into  the  dynamo  shet.1,  from  which  tlie  dynamos  are 
driven  direct  with  belts.  The  cai)acity  of  the  wheel  is  1,504  cubic 
feet  per  minute,  and  when  running  at  290  revolutions  per  minute, 
should  develop  a  maximum  power  of  62  H. P.  It  is  worked 
with  a  tail  draught  of  13  feet.  The  admission  of  water  is  con- 
trolled by  a  shutter-valve,  regulating  the  flow  uniforndy  through 
each  bucket  of  the  wheel,  and  actuated  either  by  hand  or  by 
a  centrifugal  governor.  The  latter  is  not  direct-acting,  but  when 
its  balls  rise  or  fall  beyond  certain  limits,  it  couples  one  of  a  pair  of 
right  and  left-hand  bevel-wheels,  driven  by  a  wheel  on  the  governor 
spindle  to  a  small  countershaft  geared  with  the  valve-spindle. 
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Tliere  are  two  generatiDg  dynamos  of  the  Edison-Hoplunson 
type,  shunt- wound,  for  a  normal  output  of  250  volts,  72  amperes, 
at  a  speed  of  1,000  revolutions  per  minute.  Three  times  that 
amount  may  be  necessary  for  staiting  a  heavy  train  on  a  steep 
gradient 

The  resistance  of  the  field  magnets  is  74  ohms,  and  that  of  the 
araiature  is  12  ohms.  Consequently,  the  electrical  efficiency  with 
the  normal  current  is  92*2  per  cent.,  and  the  commercial  efficiency 
90-4  per  cent 

The  conductor  is  of  channel-steel,  laid  midway  between  the 
rallSy  and  carried  on  wooden  insulators  nailed  to  alternate  sleepers. 
The  electrical  connection  is  made  independently  by  a  strip  of  soft 
copper  of  such  section  that  its  conductivity  is  about  the  same  as 
that  of  the  steeL   It  is  bent  in  a  U  form  to  allow  for  the  expan* 
sion  and  contraction  of  the  channel.  These  strips  are  riveted  in 
the  channel  with  double  copper  rivets,  care  having  been  taken 
that  the  hole  in  the  diannel  was  perfectly  free  from  rust  before 
the  riveting.   At  the  several  crossings  of  occupation  roads,  twelve 
in  number,  the  electrical  continuity  of  the  conductor  is  broken  by 
insulating  a  section  of  the  channel,  and  the  current  is  conveyed  by 
a  cable  laid  bcneaih  ihc  sleepers.    The  top  of  the  channel  being 
level  with  the  rails,  the  intervening  space  caa  be  paved  or  planked, 
thus  making  a  good  roadway  without  interfering  with  the  mechanical 
continuity  of  the  conductor.    As  none  of  these  crossings  exceed 
in  width  the  length  of  the  locomotive  cars,  the  leading  collector 
makes  conta(  t  on  one  side  the  crossing  before  the  back  colkctor 
breaks  on  the  other.    The  cables  are  of  stranded  copper  wire, 
consisting  of  37  No.  14  B.W.G.  :   ist,  cotton  lapjjed  and  var- 
nished ;  2nd,  heavily  covered  with,  lure  rubber;  3rd  and  4th, 
double  served  with  best  rubber  separator ;  5th,  covered  with  pure 
nibVjer ;  6th  and  7th,  taped  with  double-served  i)roof  tape,  the 
cable  then  vulcanized  and  made  water-tight ;  8lh,  lapj^ed  with 
thick  serving  and  tarred  hemp ;  9th,  braided  over  all  and  heavily 
compounded.    In  constructing  a  conductor  of  iron  or  steel  it  is 
of  the  utmost  importance  to  specify  the  composition.   Steel  may 
be  obtained  with  a  specific  resistance  vaiying  from  o'ooooi  ohm  to 
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0*00007  oinn,  ac(  oriling  to  the  amount  of  carbon,  silicon,  and  par- 
ticularly manganese.  The  steei  used  in  this  case  was  nianufactixre«i 
by  the  Darlington  Steel  and  Iron  Company,  and  specified  not  to 
exceed  in  carbon  0-15  per  cent.  ;  silicon,  0*05  per  rent.  ;  manga- 
nese, 1 'oo  per  cent.  The  actual  composition,  according  to  the 
makers'  analysis,  is,  carbon  0.09  per  cent.,  silicon  0*02  per  cenL, 
manganese  0*63  per  cent.,  and  the  specific  resistance  0*0000x21 
ohm.  The  weight  per  foot  of  the  conductor  is  4*33  lbs.  ^6-46 
kilograms  per  metre),  and  the  section  i '367  square  inch  (8*817 
square  centimetres). 

The  insulators,  which  are  of  poplar  wood,  are  5  inches  long. 
These  are  carefully  dried  and  then  impregnated  with  boiling 
parafiin.   A  block  of  dried  poplar  will  absorb  as  much  as  75  per 
cent,  of  its  own  weight  of  paraffin,  which  permeates  through  the 
whole  mass.   These  blocks  have  proved  efficient  insulators,  and 
they  are  apparently  standing  well  The  actual  measured  insulation 
of  the  conductor,  under  unfavourable  drcumstances  as  regards 
weather  and  when  charged  to  a  potential  of  250  volts,  is  about  900 
to  1,000  ohms  per  mile,  approximately  the  same  as  the  insulation 
obtained  at  Portrush,   Such  an  insulation  is  sufficient  for  practical 
purposes.   It  represents  a  loss,  through  leakage,  of  i  ampere,  or 
one-tenth  of  a  horse-power  per  mile.  The  actual  measured  leakage 
current  of  the  whole  line  in  wet  weather  amounts  to  nearly  four 
times  the  above  amount,  the  excess  being  probably  due  to  some 
slight  fault  in  the  cables  and  arrangements  at  the  points  and 
crossings. 

The  circuit  is  completed  by  the  rails  of  the  permanent  way, 
which  are  uninsulated.  As  is  the  case  with  the  conductor,  the 
fish-plate  connections  are  not  sufficient,  and  they  are  therefore 
supplemented  by  flexible  copper  strips  riveted  to  the  under  surface 
of  the  rails.  The  specific  resistance  of  the  steel  rails  (Barrow 
Hematite)  is  0*0000166  ohm,  and  hence  the  total  resistance  of 
the  four  rails,  having  an  aggregate  area  of  12*4  square  inches,  is 
0  033  ohm  ]jer  mile.  The  resistance  of  the  condut  tor  is  o"22i. 
making  the  resistance  01  the  circuit  o'254  oliui  per  mile.  Allowing 
for  the  earth  and  for  some  contact  resistance,  probably  o  25  ohn» 
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represents  the  average  resistance  per  mile  (0*156  ohm  per  kilo- 
metre). The  electrical  connection  of  the  rails  of  the  permanent 
way  is  essential,  since  the  earth  connection  is  of  little  value, 
as  the  rails  are  practically  insulated  by  the  sleepers  and  dty 
ballast. 

Each  locomotive- car  is  fitted  with  an  Edison-Hopkinson 
dynamo-motor.  As  previously  mentioned,  the  motor  is  fixed  on 
the  leading  bogie,  and  is  entirely  independent  of  the  body  of  the 
car.  The  armature  shaft  carries  adouble  helical  toothed  steel  pinion, 
6*05  inches  in  diameter,  gearing  into  a  steel  wheel  21*08  inches 
diameter,  carried  on  a  small  countershaft  running  in  bearings  fixed 
on  the  bed  of  the  motor.  This  shaft  also  carries  a  chain  pinion'' 
wheel  of  steel,  8*8  inches  diameter,  on  the  extended  boss  oi 
which  the  helical  toothed  wheel  is  keyed.  The  chain  pinion 
«lrives  with  chain  gear  on  to  a  wlieel  21  inches  in  diameter,  keyed 
on  to  the  back  axle  of  the  bogie,  the  wheels  of  which  are  2$ 
inches  in  diameter.  This  gives  a  ratio  of  gear  of  8*3  to  i ;  hence 
a  speed  of  i  mile  per  hour  corresponds  to  100  revolutions  per 
minute  of  the  dynamo  axle.  To  give  the  necessary  adhesion  the 
axles  are  coupled  with  outside  connecting-rods. 

The  motors  are  series^wound  with  such  a  number  of  convolu- 
dons  that  the  magnets  are  nearly  saturated  with  72  amperes, 
which  is  also  the  normal  current  for  the  armature.  The  resistance 
of  the  magnets  is  0*113  ohm,  and  of  the  armature  0*112  ohm; 
hence  if  the  potential  between  the  terminals  be  220  volts,  the 
electrical  efRciency  with  the  normal  current  is  92*6  per  cent*, 
and  the  commercial  efficiency  907  per  cent,  the  power  deve- 
loped being  nearly  20  H.P.  In  actual  work  the  power  of  the 
motor  te^uently  exceeds  this  amount.  To  transmit  this 
power  with  the  car  running  at,  say,  seven  miles  per  hour, 
the  tension  of  the  chain  would  be  1,430  lbs.,  and  the  speed 
460  feet  per  minute.  At  starting  on  a  gradient  witli  the  full 
load  ihc  Lcn^ion  may  reach  3,400  lbs.,  and  with  the  car  run- 
ning at  the  maximum  rate,  tlie  speed  may  reach  i,joq  feet  per 
minute. 

A  steel  cham  based  on  the  well-known  tricycle  form  was  em- 
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ployed.  The  tubes  are  keyed  as  well  as  riveted  in  the  inner 
links,  and  the  pins  in  the  outer  links. 

The  current  is  conveyed  from  the  conductor  by  two  coUectois 
fixed  on  the  bogies.   These  form  a  good  rubbing  contact  on  tbe 

up]jer  surface  of  the  conductor.  From  them  the  current  passes 
to  the  reversing  and  regulating  switch  fixed  on  the  splash  board 

of  the  leaiHng  bogie.  To  avoid  throwing  the  full  load  suddenly 
on  the  generator  and  motor  dynamos,  a  ^enc^  ut  resistances  are 
first  thrown  into  circuit  and  tuL  out  one  by  one.  After  jja«ing 
through  the  armature  and  magnets,  the  ciurent  returns  through 
the  axle  boxes  and  wheels  to  the  rails. 

The  potential  allowed  by  the  Board  of  Trade  is  300  volts,  but 
the  actual  potential  employetl  is  only  250  volts. 

The  trains  are  commonly  compui.cd  of  one  locomotive  car  and 
three  or  four  trucks,  but  frequently  a  second  passenger  car  is 
coupled,  or  the  number  of  trucks  incrensed  to  six.  Thus  a  gross 
load  of  30  tons  is  constantly  drawn  at  a  speed  of  6  or  7  miles  per 
hour  on  a  gradient  of  i  in  50. 

The  cost  of  the  electrical  equipment  of  the  Bessbrook  and 
Newry  line  is  summarized  as  follows : — 

Turbine,  pen-trough,  and  driving  gear  •      .  330  o  o 

Two  generator  dynamos,  measuring  instru- 
ments, and  driving  belts     ....  450  o  o 

Conductor  at  ;^200  per  mile   ....  600  o  o 

Two  locomotive  cars,  including  their  entire 

electrical  equipment   1,120  o  0 

;^2,5oo   o  o 


The  cost  of  each  of  the  above  items  includes  delivery  and 
erection. 

The  cost  of  haulage  was  carefully  ascertained  over  a  period  of 
five  months,  from  November  21st,  1S85,  to  April  aa,  1S86,  and  is 
given  as  follows:— 


Digitized  by  GoogI( 


BESSBROOK  AND  NEWRY  TRAMWAY.  575 

«• 

Wa^es  of  driver  and  attendaot  at  generator 

station  .       .  .       .       .       .       .       32    7  6 

Sundry  repairs  ......  610 

Oil,  grease,  and  waste  5410 

Rental  of  water-power  59  16  o 

Dynamo  brushes,  renewals  of  driving  chain 
and  commutators  14  11  6 


1x8  o  10 


Train  mileage,  8,632 

Hence  cost  per  train  mile,  i'jd. 


For  the  six  months  ending  jur.e  30th,  1887,  duriag  which 
period  there  had  been  a  goods  iraffic  of  S, 000  tons  over  the  line, 
a  much  larger  amount  than  in  the  period  referred  to  above,  the 
cost  per  train-mile  was  something  greater,  as  follows  : — 

^  t.  d. 

Wages                                                       .  50  18  O 

Sundry  repairs  and  alterations,  including  the 
cost  of  changing  the  winding  of  four  arma- 
tures of  the  dynamos    .       .       .       .       ,  34  '4  3 
Oil,  grease,  and  waste     .       .       .       .       .  10  0  o 
Rental  of  water  power     .       .       .       .       .  71  15  o 
Dynamo  brushes  and  sundry  renewals     .       .  12  5  10 


Train  mileage.  10,276. 

Hence  cost  per  train  mile,  4*2d. 


The  above  amotiiits  do  not  include  anything  for  depreciation 
or  for  general  supervision. 

Subjoined  are  tables  showing  distribution  of  the  power  em- 
ployed ; — 
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Distribution  of  Power. 


Total  water  power 
„    electrical  power  developed  by 

Net  power  of  motor 
Lo??s  in  ^'■enerator 

in  line  resistance 
leakage  . 

motor 

Sum  of  electrical  losses 


generator 


w 

f 

U 

pi 

a: 

B 

— 

20-6^ 

I3-Q  ^ 

181 

10-86 

4  7'  ' 

12*6 

7-82 

3-62 

1-68 

0-88 

0-40  , 

182 

0-05 

0- 14  , 

071 

0-52  1 

2-07 

O-QO 

0- 1  f>5 

0-31 

no 

Distribution  of  Power. 


Gross  load    .      .       .  . 

Mean  speed  io  miles  per  hour 

Total  energy  of  water  in  foot 
lbs  

Total  electrical  energy  de- 
veloped by  generator  in 
foot  lbs  

Net  mechanical  energy  de- 
veloped by  motorinfoot  lbs. 

Sum  of  electrical  losses  in 
foot  lbs  

Loss  in  generator  in  foot  lbs. 
leakage  „ 
,,     resistance  in  line  of 
foot  lbs. 

Loss  io  motor  in  foot  lbs. 

Total  work  done  agains 
gravity 

Total  work  done  agains 

friction  • 
Mean  tractive  force  exclu 

siveof  gravity  in  lbs. per  ton 


jotirney. 

Third  j«itriw]r« 

Tn«.  Ct^^.  Qrs. 
28     12  3 

57 

Tns.  Ct».  Qrs. 
21     18  0 
'  7*2 

Tn*.  Cu.  (^>fi 

8    16  0 

"•3 

60,291,000 

40,860,600 

27,522,000 

31,516,000 

9.332.400  \ 

1 
1 

24,928,200 

I5»493.500 

;,I70,900 

12,493,800 

5,841.000 

1 

2,174.700  1 

3,343.000 

1,420,300 

i,735.Soo 

1, 02 1).  000 

80 1 ,900 
775o^ 

3,613,500 

1 ,2qL),9u0 

287,100 

.l,(>')8,6oo 

I .;()!  ,900 

326,700 

11,867,400 

7,356,800 

2.858,300 

13,060,800 

8,136,700 

4.312,600 

28-9 

^7*4 

371 
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Percentages. 


Water  power 
Generator  power 
Met  motor  power 
r<oss  in  generator 
leakage  . 
line  resistance 
motor 


»» 

%9 


finCjottiiMy* 

Sqoom 

1  jowBcy. 

Third  joursey. 

Of  the 

Of  total 

Of  the 

Of  total 

Of  the 

Of  total 

water 

power  of 
gaoemtor* 

water 
poww. 

power  of 
ganintor. 

water 
power. 

power  of 
CMimtor, 

lOO'O 

I00"0 

lOO'O 

59*5 

100*0 

52-6 

1000 

33*9 

loo-o 

4''3 

69-4 

37*9 

72-0 

26'  I 

76-8 

5*5 

9*3 

4-2 

8-0 

11 

8-6 

2-5 

%^ 

8-3 

6*0 

lO'O 

3-2 

o-o 

10 

3» 

6-8 

"•4| 

4-4 

S-3 

1-2 

3*5 

The  line  has  been  regularly  worked  since  October,  1 885.  The 
following  table  shows  the  traffic  on  the  line  in  successive  years ; — 


Tonnage. 

Mileage. 

Passengers. 

1886 

1887 
1888 

1889 

1890 

1891 

13,238 

13.4^ 
14,928 

I7»055 

16,173 
15.852 

19,872 
19,212 
20,376 
20,424 
20,478 
21,408 

97.636 
81,275 
85.450 
85,978 

92*447 
94.105 

1 

8t),7io 

121,830 

5  3 '^.9.^' 

The  cost  of  haulage  for  the  year  1891  was  as  follows : — 

£    t.  d. 

Wages  (drivers,  guards,  aod  dynamo  engineer!          .   123  12  6 

Biaintenance  and  repairsof electrical  machinery^materials  60  6  4 

wages  .    23  18  9 

Oil,  grease,  and  waste  962 

Water  rent  128  11  o 


Total 

Train  mileatje,  23,468. 
Hence  cost  per  train  mile,  3'94d. 
P  P 


•  i^345  14  9 
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ELECTRICAL  TRAMWAYS  :   BIRMJAGHAM ; 
BLACKPOOL  i  GUEENSEK. 

Birmingham  Central  Tramways. — Electrical  Section. 

The  Bristol  Road  Section  of  the  Birroingham  system,  three  miles 
long,  was  opened  in  1890.  It  is  worked  electrically  on  the  accu- 
mulator principle.    The  ruling  gradients  are  i  in  28  and  i  in  32. 

The  rails  are  of  steel,  girder  section,  6  inches  high,  %\  ith  a  7-inch 
flange  base,  fish-jointeti,  anci  weighing  92  lbs.  per  yard.  They  are 
laid  un  u  6-incli  bed  of  cunci  cle. 

The  cars,  which  resemble  the  double-bogie  car  already  described 
(Plate  III.,  page  372),  are  6^  feet  wide,  26^  feet  long,  to  carrj' 
24  inside  and  26  out^^ide  passengers.  The  two  bogie-trucks  are 
about  i5feetai)art  bciween  centres.  The  cells  of  the  Ijattencs 
are  carried  in  trays  underneath  the  seats — six  trays  OQ  each  side 
of  the  car,  holding  eight  cells — 96  in  all. 


Blackpool  Electric  Tramway. 

The  Blackpool  tramway  is  2  miles  in  length,  and  occupies  the 
length  of  the  Esplanade.  During  the  season  eight  cars  are  con- 
stantly at  work,  seating  on  an  average  45  [xissengers. 

The  electricity  is  generated  at  a  central  station,  and  is  conveyed 
to  the  cars  by  means  of  an  underground  channel  or  '*  tube  "  in 
the  centre  of  the  track,  having  a  narrow  slit  or  opening  for 
communication  between  the  electric  motor  on  the  car  and  electric 
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conductors  within  the  channel.  The  channel  is  formed  strong 
enough  to  support  the  ordinary  traffic  of  the  road,  and  so  as  to  be 
easily  flusherl  and  cleansed.  Its  surface  consists  of  steel  trough- 
ing  filled  with  wooden  paving  blocks,  and  forms  a  good  roadway. 
The  sides  of  the  diannel  are  partially  formed  of  creosoted  wood, 
holding  porcelain  insulators  which  carry  electric  conductors  of 
special  drawn  copper  so  formed  that  they  can  be  readily  and 
securely  fixed,  and  the  lengths  secured  by  expansion  joints. 

Two  conductors  are  supplied,  first,  that  they  may  be  hidden 
in  the  tube  under  either  side,  and  so  be  protected  from  injury 
by  any  substance  falling  through  the  slit  channel ;  and,  secondly, 
to  make  it  possible  to  deal  with  points,  loops,  and  crossings. 
Only  the  positive  electricity  passes  along  these  conductors;  the 
return  is  made  by  means  of  the  rails,  which  are  electrically 
connected  one  with  the  other. 
'  Communication  is  made  with  the  cars  by  means  of  a  collector 
which  runs  upon  the  copper  conductors  within  the  channel.  Insu- 
lated cof)per  bands,  protected  by  steel  plates,  pass  through  tlie  slit 
or  opening  in  the  sudace  of  the  road,  and  by  a  flexible  insulated 
cord  attached  to  an  electrical  terminal  underneath  the  car,  so  that 
when  the  car  moves  ihe  collector  is  drawn  along  with  sufficient 
force  to  t  Icar  away  any  ordinary  oltatruction.    But  should  an 
absolute  block  occur,  laeii  a  special  clip  releases  the  collector,  and 
a.  breakage  is  .uuided. 

l'"roui  the  terminal  underneath  the  car  the  current  passes  to  the 
switch-box,  where  the  quantity  and  direction  of  the  electricity  to 
and  within  the  motor  is  regulated,  and  thereby  the  speed  and 
direction  of  the  car  is  controlled. 

Switch-boxes  are  placed  at  each  end  of  the  car,  and  are  provided 
with  removable  handles,  without  which  it  is  impossible  to  operate 
them.  The  driver,  who  has  charge  of  these  handles,  can  cause 
the  car  to  move  backwards  or  forwards  at  will.  From  the  switches 
the  current  goes  to  the  motor  and  there  produces  mechanical 
energy.  I'he  motor  runs  at  a  high  speed,  and  a  combination  of 
spur  and  chain  gear  is  employed  to  communicate  the  power  to  the 
wheels  and  drive  the  car.  The  gear  is  specially  designed  to  run 
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smoothly  and  silently.  From  the  motor  the  current  passes  byway 
of  adjustable  clips  to  the  axles,  and  by  them  through  the  wheels  to 
tiic  rails  ami  back  to  llie  station  where  the  eltciiic  i)  is  generatfri 

The  engines  arnl  dynamos  are  in  duplicate,  and  so  made  thai 
they  produce  just  the  amount  of  electric  energy  required,  sothtt, 
if  no  car  be  running,  no  work  is  c.xpcudcd  ;  \i  u..c  c^;  runs,  just 
cnouuh  enerj^y  to  drive  one.  and  no  more  ;  if  ten  cars,  suSc;cn'. 
for  them,  and  so  on  up  to  liie  full  capacity  of  the  maciiincs,  waici 
are  constructed  lo  the  requirements  of  the  line. 

The  generators  fixed  at  the  engine-shed  are  capable  of  draiiis 
ten  loaded  cars — sulficient  to  carry  400  passengers. 

The  capacity  for  carrying  exceptional  irattic  with  a  very  snun 
increase  in  the  workini'  expenses  is  exemplified  as  follows: — 

The  number  of  [)assengeis  carried  during  a  week  of  six  ti*)siD 
the  winter  was  2,393      ^  cost,  for  fuel  and  wages,  under 
During  thie  week  ending  September  4th,  1S86,  whicii  was  in  the 
height  of  the  season,  the  number  of  passengers  cajried  was  44)^06. 
while  the  cost  of  wages  and  fuel  was  only  ^£45 


Guernsey  Electric  1  ramway. 

This  line  of  tramway  consists  of  three  miles  of  single  way  ^^'^ 
turaouts,  following  the  coast  line  between  St.  Peter's  Port  and 
St.  Sampson's*  It  was  originally  worked  by  steam  locomotive 
power,  but  this  service  proved  to  be  irregular  and  nnsatisfactoiy 
— ^working  over  constantly  recoiling  curves  and  inclines,  and  stop' 
I)ing  to  suit  passengers — and  it  was  susperseded  about  two  jrcais 
ago  (1892)  by  electric  power,  with  overhead  oonductorif  for  vhidi 
the  entire  equipment  was  supplied  by  Siemens  Brothers  &  Co. 

The  generating  plant  consists  of  two  compound  stean^engii^ 
each  of  25  nominal  horse-power,  and  two  locomotive  boiteis* 
Each  engine  is  fitted  with  a  Worthington  puuip,  a 
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injector,  and  a  feedwater  heater.  The  first  cylinder  of  ear Ii  cnmne 
is  lo  inches,  and  the  second  cylinder  i6  iixlics,  i;i  (l:.iiiicLk.i,  wiUi 
a  common  stroke  of  i8  inches,  making  120  turns  per  minute.  The 
flywheel  IS  6  icct  lii  diameter,  and  weighs  42^  cwt.  The  working 
pressure  is  140  lbs.  per  S(piare  inch.  The  hrst  cylinders  are  fitted 
with  Hartnell's  expansion  gear.  VViih  this  gear  the  speed  is  nearly 
constant ;  within  5  per  cent. 

A  Siemens  compound-wound  central  station  dynamo,  capable 
of  giving  ICO  amperes  at  a  pressure  of  500  volts,  is  belt-driven 
by  each  engine,  at  a  speed  of  350  revolutions  per  minute,  A 
Schaffer  and  Budenberg  tacheometer  can  be  connected  at  will  to 
either  dynamo.  A  single  engine  and  dynamo  suttice  for  ordinary 
traftlc.  The  sets  work  alternate  fortnights.  The  average  daily 
run  is  17^  hours  without  stop.  An  ingenious  arrangement  of 
switchboard  permits  the  reserve  dynamo  to  be  thrown  in  at  any 
time»  and  the  load  to  be  halved  between  the  two  machines,  with- 
out interruption  of  running* 

The  station  buildings  are  of  stone  and  corrugated  iron,  the 
power-house,  workshopi  car,  and  coal-shed  being  conveniently 
connected  together.  Three  tracks  run  into  the  car-shed,  and  each 
has  a  pit  46  inches  by  54  inches  for  its  entire  length,  affording  easy 
access  to  the  driving  mechanism  and  running  gear.  All  repairs 
are  made  at  the  station.  A  separate  pUnt  is  to  be  put  in  for 
lighting  the  buildings  electrically. 

The  working  stock  consists  of  seven  motorcars  and  two  trailers. 
Four  of  the  motor  cars  have  bogie  trucks  and  double  motors  in 
series,  and  they  seat  68  persons  each.  The  three  others  have 
ordinary  4-wheel  gear  and  single  motors,  seating  53  each.  Each 
motor  is  of  7  nominal  horse-power.  With  the  exception  of  the 
motors  employed  on  the  two  bogie  cars  last  built,  the  motors  are 
of  the  Siemens  double  magnetic  circuit  type,  and  are  furnished 
with  single  reduction  gearing.  The  pinion  is  of  phosphor  bronze, 
and  the  split  wheel  on  the  car  axle  of  cast-steeL  The  motor  casing 
b  of  wood,  metal  lined.  The  two  newest  cars  have  a  simple 
magnetic  field  type  of  motor,  and  chains  have  been  abandoned 
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in  favour  of  single  reduction  spur  gear.  The  pmion  in  this  case 
is  cut  out  of  a  single  block  of  steel»  and  carefuU^-  x>olisb«i, 
the  spur-wheel  being  cast  in  halves  and  bolted  together  on  the  or 
axle.  This  gear  runs  much  more  quietly  and  with  less  wear  and 
tear  than  the  chain  gearing.  Armature  and  gearing  are  enclosed 
in  a  cast  brass  casing,  which  serves  as  an  oil  bath  for  the  gear, 
and  protects  the  armature  from  dust  and  wet.  All  armatures  are 
of  the  drum  type.  The  speed  is  regulated  by  the  introduction  of 
artificial  resistances  of  iron  wire,  carried  beneath  the  car  ll  )onn- 
The  motors  are  sui)porte<.l  un  rubber  cushion^.  Tiic  brushes  aTc 
of  copper  gauze,  and  a  set  lasts  from  three  to  four  weeks. 

Coanccliou  between  the  overliead  conductor  and  the  car  is 
made  in  the  ordinary  way  by  a  liolley  pole  aiiu  wheel.  The  or.i^ 
peailiarity  is  that  the  trolley  head  is  connectetl  to  the  hoJIaw 
steel  pole  by  means  of  a  piece  of  a^h,  being  thus  insulated  from 
the  pole  antl  its  base.  The  insulated  cable,  carr)'inL:  the  currenl 
to  the  motors,  passes  through  the  tubular  pole.  The  trolley  itself 
pivots  on  a  socket-head  furnished  with  ball  bearings,  and  the 
upright  supporting  these  bearings  is  screwed  into  a  cast-iron 
bracket  bolted  to  the  side  and  top  of  the  car.  The  usual  upward 
pressure  o!  the  trolley  against  the  wire  is  about  26  lbs. 

The  trolley  wire  alon:^  the  line  is  supi)orted  about  2  feet  outside 
the  track  by  light  l)racket  arm  poles.  The  position  of  these  poles 
having  been  fixed  by  the  **  Stales  "  of  Guernsey  to  correspond 
with  those  formerly  occui>i' d  by  lamp-posts,  the  brackets  are  of 
vaiying  lengths.  At  curves,  "  pull-off"  poles  and  cross  suspension 
wires  are  employed.  According  to  length  of  span  and  strain, 
three  different  sixes  of  poles  are  used.  All  are  of  the  Siemens 
telegraph  style,  consisting  of  a  cast-iron  base,  into  which  is  fixed 
a  tubular,  conical  \vTOUght-iron  pole.  The  trolley  wire  itself  is  of 
9-millimetre  hard-drawn  copper.  The  spans  vary  between  40 
and  48  yards.  The  whole  overhead  construction  is  very  light 
and  inconspicuous. 

The  permanent  way  is  very  old,  and  is  about  (March,  1894)  to 
be  replaced.  The  metals  arc  partly  Vignoles  and  partly  old-style 
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gioovea  iramuay  rail.  Where  tram  rails  are  used,  the  return 
circuit  is  securc  l  by  means  of  lengths  of  4-iniHimetrc  copper 
wire,  fixed  to  the  inetals  by  channel  pins,  and  attached  to  a 
bare  copper  return  wire,  9  millimetres  in  diameter,  laid  between 
ilie  rails.  The  Vignoles  rails  are  connected  by  means  of  an  iron 
strip  riveted  to  the  bottom  flange  of  each  rail,  and  electrically 
welded  to  it.  With  these  rails  no  return  wire  is  used.  The  weight 
of  rail  is  uniformly  41]  lbs.  ])cr  yard. 

For  the  three  months  ending  December  31,  18931  the  following 
information  is  given ; — 


Average  number  of  cars  running*  5 

daily  mileage  per  car   7® 

,,      speed  per  hour  in  miles  7*2 

,,  pounds  of  coal  consumed  per  car-mile  .  .  8 
„      number  of  passengers  per  car-mile      .      .  7 

»f         .>  »  *,         holidays  15 

Gm/t  ^er  car-mile^  d. 

Salaries   0*652 

Wages  and  repairs  m  power-hoube       .       .       .  0  036 
Wages  of  drivers  and  eondttctors  .                 .  1*716 
Workshop  tepaixs  and  car-deantng     .     .  1*243 
If  aintenance  of  pennanent  way  and  electrical  con- 
ductors   0*312 

Coal   0747 

Oil  and  sundries  in  power-house    ....  0*234 

repair  shop  and  car-shed       .  o'i8i 

Printing  and  stationery   0.070 


Total  per  car-mile     5 .79 1 


Coal  and  other  stores  are  expensive  on  account  of  freights. 
The  cost  of  ranning,  strictly  speaking,  vi2.~-€oal|  oil,  waste,  &c., 
wages  of  engine  and  car  drivers,  conductors,  car  deaners,  and 
everything  directly  connected  with  car  sen'ice— does  not  exceed 
4d.  per  car-mile. 
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A  four-mile  extension  of  the  md  to  Cobo,  and  a  branc^fa  Eoe 
to  Bordeaux  Haibour,  are  now  contemi^bited.  Large  graniie 
quarries  are  situated  at  these  points,  and  it  is  proposed  to  run  a 

regular  freight  service,  as  well  as  passenger  cars,  to  bring  the  stOD<r 
from  quarry  to  ship  by  the  electric  line.* 

*  The  matter  of  this  notice  is  derived  from  a  paper  by  Mr.  Philip 
Dawson,  C.E.,  in  Engineering  of  March  30*  1894. 
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CITY  AND  SOUTH  LONDON  RAIL  WAY^ 

This  railway,  worked  by  electricity,  was  opened  for  public  trattic 
in  December,  1891.  The  line  consists  of  two  independent  tun- 
nels ionned  of  cast-iron  rings.  I1ie  sleepers  are  transverse,  resting 
directly  upon  these  rings,  and  the  rails  are  spiked  ibereto,  and 
leave  a  minimum  headwa}'  of  9  feet  from  the  rail-level  to  the 
highest  point  of  the  tunnel.  Fig.  342  shows  a  section  of  the  tunnel 
and  the  space  available.  Where  the  line  passes  under  the  Thames, 
between  Great  Dover  Street  and  King  William  Street,  there  is  on 
the  up  line  a  down-gradient  of  i  in  30  for  a  distance  of  264  feet, 
and  an  up-gradient  of  i  in  30  for  463  feet ;  and  on  the  down  line 
a  down-gradient,  with  the  traffic,  of  i  in  14,  followed  byanup^gra- 
dient  of  i  in  30.  At  other  points  of  the  line  the  gradients  are  not 
severe^  the  principal  being  an  up-gradient  of  i  in  100  approaching 
Stockwell  Station.  The  total  length  of  the  line  is  3  miles  270 
yards.  There  are  four  intermediate  stations. 

The  generator  station  is  situated  at  Stockwell,  at  a  distance  of 
about  500  feet  from  that  terminus.  There  are  eight  boilers  of  Lanca- 
shire type,  each  28  feet  long  and  7  feet  in  diameter,  fitted  with 
Vicars*  automatic  stokers.  The  boiler-floor  is  12  feet  6  inches  below 
the  ground  level  (Fig.  343),  and  the  boiler-house  is  roofed  over, 

•  The  materials  for  this  and  the  succeeding  notices  have  been 
derived  from  Dr.  Edward  Hopkinson's  paper  on  "Electrical  Rail- 
ways," in  vol.  cxii.,  and  Mr.  Sheibner's  paper  on  the  *'  Florence  and 
Fiesole  Electric  Railway,"  in  vol.  cvi.,  of  the  Minutes  0/  Froued" 
ings  of  the  InstiHttion  of  Ciml  Engineers, 
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except  immediately  above  the  stokehole,  so  as  to  provide  roorr 
for  a  fuel  store.  By  this  arrangement  the  fuel  can  be  slioveikJ 
direct  into  the  hoppers  of  the  stokers.  The  pressure  at  the 
boilers  is  140  lbs.  per  square  inch.  J:i  a  ddition  to  providing 
steam  for  liie  electric-gcneiaung  engines,  liic  boilers  are  required 
for  producing  steam  for  the  powerful  hydraulic  plant,  aod  ibc 


Fio.  343.  City  and  South  London  Railway :  Transmse  Section  of  XonneL 

auxiliaiy  engines  of  the  repatrbg  shop,  the  Gompressed-air  pumps^ 
and  the  hauling  engine  for  drawing  the  locomotives  and  cainages 
up  the  inclined  way  connecting  the  Stockwell  Terminus  with 
the  dep6t.  The  boilers  are  set  on  Livet*s  principle  of  expend* 
ing  flues,  and  are  arranged  in  two  groups  of  four,  with  indepen- 
dent flues  and  chimneys.  The  steam-pipes  from  the  two  groups 
are  arranged  so  that  either  or  both  can  be  connected  to  the  main 
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pipes  crossing  beneath  the  yard  to  the  engine-house,  otherwise 
there  is  no  duplication  of  the  steam-pipe  system.  The  exhaust 
steam  from  all  the  engines  passes  by  a  single  pipe  through  the 
water  heaters  to  the  chimney.  As  there  is  no  water  available  for 
condensing  purposes,  all  the  engines  are  non-condensing;  steam 
power,  therefore,  is  not  produced  under  the  most  economical 
conditions. 

There  were  originally  three  engine^  each  of  them  driving  one 
generating  dynamo ;  but  the  Company  has  since  added  a  fourth 
similar  engine  and  dynamo  in  view  of  the  extension  of  the  line  to 
Claphani,  and  to  meet  the  requirements  of  the  Board  of  Trade  as 
to  reserve  power.    The  engines  are  of  the  vertical  compound 


Fio.  343. — City  and  South  Londou  Railway :  Boiler-house  and  Engiae-bouse 

at  Generator  Station. 

open  type ;  the  cylinders  are  side  by  side,  17  inches  and  27  inches 
in  diameter  respectively,  and  27  inches  stroke.  The  fly-wheels 
are  14  feet  in  diameter  and  carried  between  the  cranks,  which 
are  of  disc  form.  Both  cylinders  are  steam -jacketed  in  the 
barrels,  with  high-pressure  steam,  and  are  fitted  with  slide-valves, 
with  cut'Off  valves  on  botli  cylinders,  controlled  by  the  governors. 
The  engines  run  at  one  hundred  revolutions  per  minute.  They  are 
each  capable  of  indicating  400  H.P.,  and  drive  the  dynamos  with 
link-leather  belts,  which  are  provided  with  jockey  pulleys  to  allow 
of  the  distance  between  the  engine  and  the  dynamo  centres  being 
reduced  without  unduly  diminishing  the  area  of  contact  on  the 
driven  pulleys. 
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The  generating  dynamos  arc  of  the  Edison-Hopkinson  type, 
with  bar  armatures  19^  inches  in  diameter.  The  field-rpasrnei 
coils  are  wound  with  both  shunt  and  scries  coils,  but  the  latter 
can  be  ha'f  short-circuiied,  or  eniireiy  ijO,  at  will,  by  means  r*!" 
switches  fixed  on  the  ilynamo.  Each  dynamo  is  ca]>able  of  giving 
an  output  ot'  450  amperes  at  500  volts,  running  at  a  speed  of  500 
revolutions  per  minute.  The  loUowing  are  the  electrical  con- 
stants of  the  machines :  Resistance  of  armature,  0*017  ohms;  of 
shunt  coils,  96*0  ohms ;  of  series  coils,  0*015  ohms. 

The  electrical  eliicienc/  at  full  speed  is  96  per  cent,  and 
the  weight  of  the  armature  is  37  cwt  The  weight  of  the  enciie 
machine  is  17  tons. 

Careful  independent  experhiients  were  made  upon  the  efficienqr 
of  conversion,  which  showed  that  the  frictional  losses  amounted 
to  2*7  per  cent  of  the  full  load.  Hence  the  commercial  fuU-load 
efficiency  is  93*4  per  cent 

The  switch-board  is  arranged  so  that  any  of  the  four  generatois 
can  be  coupled  to  any  of  the  four  feeders,  either  independently  or 
in  parallel,  and  that  any  fresh  combination  can  be  instantly 
effected  without  interruption  of  the  working.  The  electromotive 
force  of  each  dynamo  is  measured  by  a  Kelvin  electrostatic  mut- 
ticellttlar  voltmeter,  and  the  current  passing  through  each  feeder 
is  measured  by  an  ampere-meter.  The  leakage  of  any  part  of  the 
entire  s3'8temof  conductors,  when  subjected  to  the  full  potential, 
can  be  measured  by  a  special  low  range  ampere-meter.  The 
feeders  are  provided  with  fusible  cut-outs  and  quick-acting  safety 
switches,  which  automatically  throw  a  resistance  into  circuit  if  the 
current  exceeds  a  certain  amount ;  the  object  being  to  prevent 
injury  if  an  accidental  short  circuit  should  take  place  ou  any  port 
01  the  svr^iciu. 

From  the  switch-board  there  aic  i'uur  feeders,  two  of  which  are 
( onnected  to  the  working  conductors  at  Great  Dover  Street 
station,  a  distance  of  12,800  feet  Srom  the  generating  station.  The 
otiier  ivvo  are  coupled  in  parallel  as  far  as  Stockwell,  and  one  is 
continued  to  the  Oval,  where  it  is  t  onnected  to  tlie  wurkin^  con- 
ductors at  a  distance  of  4,330  feet  from  the  generator  station. 
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The  cables,  which  were  manufactured  by  the  Fowler-Waring 
Company,  consist  of  a  standard  core  of  61 — 14  6.W.G.,  insu- 
lated and  sheathed  with  lead,  and  have  an  insulation  resistance 
of  not  less  than  500  megohms  per  tnile.  They  are  carried  along 
the  tunnels  supported  on  the  brackets  carrying  the  hydraulic  pipes. 

The  working  conductor  is  similar  to  that  adopted  for  the  Bess- 
brook  and  Newry  Tramway,  and  consists  of  channel  steel  laid 
between  the  rails,  and  carried  on  glass  insulators  fixed  to  alternate 
sleepers.  The  channel  weighs  to  lbs.  per  lineal  yard,  and  was 
rolled  from  mild  ductile  steel  of  special  composition.  The  suitable 
proportions  of  carbon,  silicon,  and  manganese  for  steel  conductors 
have  already  been  discussed.  By  eliminating  the  silicon  and  sU|;htly 
diminishing  the  carbon,  a  steel  was  obtained  having  a  specific 
resistance  as  low  as  0*0000105  ohm  at  24^  Centigrade,  although 
the  amount  of  manganese  allowed  was  somewhat  increased. 
This  corresponds  to  a  resistance  of  0*0503  ohm  per  1,000  feet. 

It  will  be  observed  that  the  level  of  the  conductor  is  i  inch  be- 
low that  of  the  rail-level.  This,  of  course,  necessitates  arrange- 
ments for  the  lifting  of  the  collectors  over  the  crossing-rail  at 
points.  The  conductor  is  broken  on  either  side  the  crossing-rail, 
and  replaced  by  inclined  planes  of  wood,  up  which  the  collectors 
slide  till  raised  to  a  level  of  1  inch  above  the  crossing-rail,  wiiich 
passes  through  a  gap  lelt  in  the  wooden  runners.  The  collectors 
cross  the  gap  at  an  angle,  and  are  wide  enough  to  bridge  it.  As 
each  locomotive  is  provided  with  three  collectors,  the  continuity 
of  the  circuit  is  never  broken,  as  the  leading  collector  makes  con- 
tact with  the  steel  conductor  in  advance  of  the  break  before  the 
trailing  collector  leaves  the  conductor  behind  the  break.  The 
conductor  is  also  dividetl  int  j  sections,  and  arranged  so  that  any 
section  can  be  coupled  through  aut  jmatic  cut-outs  to  the  adjacent 
sections,  or  independently  to  the  feeders.  Thus  any  section  can 
be  isolated  for  the  purpose  of  testing  or  repairs,  and  is  automati- 
cally disconnected  in  case  of  any  accident  causing  a  short  circuit 
to  earth.  The  return  circuit  is  through  the  rails,  which  are  prac- 
tically uninsulated.  In  such  a  system  high  insulation  from  the 
earth  is  neither  aimed  at  nor  required,  provided  the  power  lost  in 
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leakage  is  inconsiderable.  The  actual  leakage  on  the  entire 
system,  consisting  of  dynamos,  feeders,  and  working  condactois. 
tested  at  500  volts  pressure,  h  generally  about  ^  ampere^  coire- 
spondingwith  a  loss  of  0-3  H.P.,and  it  rarely  exceeds  ODeampeie 
under  the  most  unfavourable  atmospheric  conditions. 

The  essential  feature  in  the  design  of  the  locomotives,  Figs. 
344  and  345,  is,  that  the  armatures  of  the  motors  are  built 
directly  upon  the  axles,  while  the  magnets  are  supported  paitlr 


on  the  axle  and  partly  on  the  frame.  Thus  geating  ib  cnurtiy 
obviated,  and  the  mechaiujin  is  reduced  to  the  simplest  element<i. 
Allliough  this  i>rinci|)le  of  direct  driving  was  suggested  many 
years  ago  by  the  late  Sir  William  Siemens,  it  has  not  previou.dy 
been  applied  in  practice.  The  field-magnets  embrace  the  aniia- 
ture,  leaving  but  an  exceedingly  narrow  "gap,"  and  are  sup^- 
portcd  in  {'art  by  brackets  parallel  to  the  axle  with  bearings 
upon  it,  and  }>artiy  by  links  connecting  the  yoke  to  a  cross 
beam  of  the  locomotive  frame,  thus  permitting  limited  freedom 
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of  angular  motion  of  the  field  round  the  axle,  and  compensating 
for  the  rise  and  fall  of  the  axle-boxes  in  the  horn-blocks.  The 
weight  of  one  axle  with  its  wheel,  axle-boxes,  and  springs,  and 
with  the  armature  attached,  is  24  c«t&,  and  the  part  of  the  weight 
of  the  magnets  resting  on  the  axle  is  10  cwts.,  whence  the  total 
dead  weight  on  each  axle  is  34  cwts. 

The  two  motors  on  each  locomotive  on  the  South  London  line 


Fio.  ^5.  City  and  South  Loiulon  Railway  :  Locomotive.  Perspective  view. 

are  each  capable  of  developing  50  H.P.  at  a  speed  of  25  miles 
per  hour,  corres|HjrnHn(^  to  310  revolutions  of  the  axle  jjcr  minute. 
The  magnets  are  of  the  "  Edison-Hopkinson "  form  and  series- 
wound  ;  and  the  armatures  are  of  the  Gramme-ring  type,  Tlic 
resistance  of  the  magnet  c;:)ils  of  each  motor  is  0  087  ohm,  and  of 
the  armature  0*3  ohm.  The  two  motors  are  connected  electri- 
cally in  series.  The  curren^/rora  the  conductor  is  conveyed  from 
sliding  collectors  through  a  fusible  cut-out  and  main  switch  to 
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a  rheostat  s\vitr]i  for  inserting  resistance  at  starting  ;  tlience  it 
passes  through  a  reversing  switch  to  the  motors,  and  finally 
through  the  axle-boxes  and  wheels  to  the  rails  of  the  permanent- 
way.  The  motor-magnets  are  proportioned  relatively  to  the 
armature,  precisely  as  in  a  dynamo,  and  are  wound  so  as  to  be 
nearly  saturated  with  the  mean  working  cuirent.  Above  this 
point  the  curve  of  tractive  force  and  current  is  approximately  a 
straight  line,  giving  a  tractive  force  of  x,i8o  lbs.  with  looamperes, 
and  a  maximum  of  3,000  lbs.  with  226  amperes.  The  trains  are 
fitted  with  the  Westinghouse  continuous  automatic  brake,  applied, 
however,  in  a  novel  manner  suggested  by  Mr.  Greathead.  In 
place  of  a  pump  working  continuously  on  the  locomotive,  the 
latter  is  provided  with  two  reservoirs  placed  under  the  curved 
side-plates  of  the  cab,  each  of  about  8*25  cubic  feet  capacity.  At 
the  end  of  each  double  journey  these  are  charged  with  air  at 
80  lbs,  pressure,  from  a  small  reservoir  erected  at  Stockwell,  the 
pressure  in  which  is  maintained  by  two  small  pumps  in  the  engine- 
house.  The  reservoirs  on  the  locomotives  are  of  sufficient  capacity 
to  provide  for  about  thirty  stopi.from  full  speed.  This  system 
has  proved  both  convenient  in  practice  and  economical,  the  total 
amount  of  steam  required  for  the  brakes  being  about  i'5  per 
cent,  of  the  entire  consumption.  In  addition  to  the  Westinghouse 
brake,  a  powerful  hand-screw  bnke  is  fitted  on  each  locomotive. 
The  locomotives  and  carriages  i...  lighted  with  glow-lamps  sup- 
plied direct  from  the  conductor,  an  arrangement  which  has 
the  merits  of  simplicity  and  ch<hi>ne6S,  but  is  open  to.  the  ob- 
jection that  the  light  is  necessap^iy  suli^iect  to  some  fluctuation, 
owing  to  the  variations  of  the  'clectvGi  ^  ve  force  of  the  con* 
ductor. 

The  following  are  the  leading  dimensions  01  ihc  iucomotives ; — 

l-t.  I;.*. 

Length  over  central  buffers    •   Jt'-      •      •  H 

„      M   cab       „        *^*V  • 
Wheel  base  >  ♦      •  60 

Diameter  of  wheels  *J         *  ^3 
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5,95 


Ft.  Ins. 


Gauge 

Extreme  width  of  cab 


4  8i 
6  3 


Height,  rail  level  to  floor  plate      ...       ^  %\ 
„     floor  plate  to  roof     ....       6  o 

Weight  of  entire  locomotive,  lo  tons  7  cwt. 

„     t,  motors  only,  with  wheels  and  axles,  6  tons. 

Of  the  fourteen  locomotiTes  first  supplied  thirteen  are  of  the 
direct-acting  type,  and  one  is  a  geared  locomotive.   Since  the 

opening  of  the  line  two  additional  locomotives  have  been  furnished 
by  Messrs.  Siemens  Brothers.  In  these  the  general  feature  of  the 
design  described  have  been  fullovved,  buL  the  aimalurci  are  of 
'*  drum  "  in  place  of  Gramme  type. 

The  efficiency  of  the  system  is  considered  in  three  stages : — the 
production  of  electric  power;  the  distribution  of  electric  power; 
and  the  reconversion  of  electrical  into  mechanical  power. 

(r.)  The  daily  consumption  of  water  for  all  power  purposes  is 
aV)oiit  330,000  pounds,  evaporated  by  21  tons  of  North-country 
slack,  or  7  pounds  per  pound  ol  fuel.  From  60  to  67  per  cent,  of 
the  total  steam  produceti  is  absorbed  by  the  electric  generating 
engines,  consuming:  about  14  tons  of  coal  per  day.  The  average 
"load"  on  each  engine  is  approximately  "230  horse-power," 
represented  by  27*5  pounds  of  .vater  per  H.P.  per  hour. 

The  efficiency  of  the  engine  and  dynamos  combined  was  ascer- 
tained by  indicating  the  engines  and  measuring  the  electrical 
output  at  the  terminals  of  the  vnamos^  when  working  on  a  steady 
load.  These  experimer^*'  sho^  an  average  efficiency  of  available 
electrical  H.P.  agai  'cdicated  H,P.  of-— at  full  load,  78  per 
cent ;  at  three-quarters  load,  70  per  cent. ;  at  half*load,  65  per 
cent. 

The  daily  consumption  of  electrical  eneigy  b  about  3,700 
Board  of  Trade  units,  which  are  produced  from  the  combustion 
of  I « tons  of  coal,  or  8v  lbs.  of  North-country  coal  per  Board 
of  Trade  unity  corresp  Th  7  to  about  7*5  lbs.  of  Welsh  coal 
per  unit.  urren' 


a  QQ 
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(2.)  The  efficiency  of  distribution  is  not  of  general  interest,  as 
it  depends  solely  upon  the  rcbistanc*  of  the  conductors.  It  is 
sufficient  to  biate  thai  the  average  full  load  loss  in  the  long  feeders 
njnnin<;  to  (]reat  Dover  Street  is  57  per  cent.,  and  m  the  short 
feeilers  3  5  j^cr  cent.  Tnus  the  total  loss  in  the  feeders  is  9'2 
per  cent.  The  distant  feeders  are  usually  coupled  to  a  generator- 
dynamo  working  full  compound,  while  the  home  feeders  are  con- 
nected to  a  generator  working  half-compound,  and  thus  compensat- 
ing for  the  loss  of  electromotive  force  in  the  feeders.  The  loss  m 
the  working  conductors  can  only  be  estimated  from  the  average 
current  in  each  section  and  the  known  resistance.  It  probably 
tloes  not  exceed  one  per  cent.,  making  the  total  loss  in  distn- 
bution  a  little  more  than  10  per  cent,  of  the  total  electrical  power 
generated.  This  represents  a  daily  expenditure  of  fuel  of  about 
I  \  tons  of  North-country  coal,  which  is  almost  the  exact  equivalent 
of  the  interest  on  ^7,000,  the  actual  cost  of  the  conductois. 
Thus  the  continuing  cost  of  distribution  is  a  minimum. 

(3.)  The  results  of  observations  made  with  train-loads  of  from 
35  tons  to  40  tons  show  the  electrical  efficiency  of  the  entire 
system  to  be  about  63  per  cent.  The  loss  in  the  conductors  being 
a  little  over  10  per  cent.,  the  average  electrical  efficiency  of  the 
locomotives  is  70  per  cent  The  30  per  cent  of  loss  includes  the 
power  absorbed  in  the  starting  resistance — ^probably  one-half.  The 
average  speed  of  working,  including  intermediate  stoppages,  is 
11*5  miles  per  hour,  and  of  actual  running  between  stations  13*5 
per  hour.  The  maximum  speed  attained  between  stations  varies 
from  30  to  35  miles  per  hour.  The  weight  of  a  normally  loaded 
train  is  40  tons.  The  daily  milei^e  for  the  half-year  ending 
June  30,  1893,  was  1,1  so;  hence  the  consumption  of  fuel  per 
train-mile  is  38  lbs.  of  North-country  coal,  equivalent  to  about 
35  lbs.  of  Welsh  coal.  This  result  compares  very  &vourab]y 
with  the  best  results  of  American  tramway  practice,  having  regard 
to  relative  loads  and  speeds. 

The  working  expenses  for  the  four  half-years,  1891 — 1892,  arc 
given  in  the  following  table 
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For  the  last  half-year,  the  total  working  cost  is  7-zd.  per  tndo 
mile.  During  the  two  years  since  the  opening  of  the  line  in 
December,  1890,  the  locomotives  ran  more  than  820,000  miks 
having  carried  over  i2,o0O|O00  passengers.  The  yearly  miloige 
run  per  locomotive  in  regular  running  exceeds  50,000  miles. 

The  costs  of  working  the  generator  station  and  the  looomo- 
tivesy  excluding  oflke  expenses,  are  given  below  separatdy; 
the  cost  of  production  of  electricity,  and  the  cost  of  locomotive 
power,  or  of  uttUsiog  the  electric  current  and  reconverting  it  into 
mechanical  power.  The  total  cost  of  the  generating  power  is 
4*59d.  per  train  mile,  and  that  of  the  locomotive  power  is  2'3t(L 
per  train  mfle. 

City  and  South  Lokbon  Railway  :  Locomotive  aud 
gsnbrating  powsr  separately. 

Half-year  ending  December  31,  1892. 

Train        milcaj^e  214,417 

Numbt'i  ofpabaengers    ....  3,317,602 

Cost  of  Working  Generator  Station  bxcludinc 

Office  Expenses. 


£ 

d. 

per  train  mile. 

112 

.  2,172 

242 

Water  and  gas 

252 

028 

II        •  • 

Oil  and  stores 

.  368 

0*41 

Repairs  and  renewals  . 

•  321 

0*36 

»»  t» 

459 

*•  •■ 

Equivalent  to  i'56d.  per  Board  of  Trade  unit. 


Cosi  oi  LuLOAioiiv  E  Working  exclldiiNg  Office  ExPENSt^. 


£ 

d. 

1*98  per  train  nue. 

Oil  and  stores 

89 

0*10  „ 

tl 

Repairs  and  renewals  . 

208 

0*23 

2-3» 

n 

Total  £(i,i<^ 

6-90  M 

•  1 
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Since  the  foregoing  results  were  produced  the  statements  of 
accounts  for  the  half-year  ending  June  30, 1893,  have  been  pub- 
lished. The  revenue  expenditure  was  as  follows : — 

REVENUL  £xi  .fc.\DlIUKE  FOR  HALF-YEAR  ENDING  JUN'E  30,  1893. 

Maintenance  of  Way,  Works,  and  Stations  .  452  13  i 

Locomotive  and  Generating  Power             .  sM^  ' 

Carriage  repairs                       .  480  7  3 

Traffic  expenses   5  709  16  0 

General  charges   1.710   o  5 

Passenger  duty      ......  24    i  2 

Law  charges   50    o  o 

Rates  and  taxes   554  2  3 

Compensations   16  18  6 

Expenditure  ....  ''m   ^  ^' 

Train  miles  mo  ....     217,661  miles. 
Number  of  passengers  .  3,146,656 

season  tickets  299 


Receipts    *      .      .      .  21,748  12  6 
t,     season  tickets  709  14  3 

ft     parcels,  &c   18  19  8 

Total  (24*8d.  per  train  mile)     .  22,477  6  5 

Expenditure  ( 1 6'5d.        „       )     .      .     141964  o  6 

The  locomotive  and  generating  power  together  amount  to 
^5,876  IS.  lod,  or  6-5d.  per  train  mile,  against  7 'id.  for  the  pre- 
ceding half-year,  ending  December  31,  1892,  already  noted. 


Digitized  by  Google 


CHAPTER  V. 


CONTINENTAL  ELECTRICAL  RAILWAYS.-- 
FLORENCE  AND  FIESOLE  RAILWAY. 

Six  Continental  Electrical  Railways. 

Mr.  Sheibnek  gives  the  subjoined  table,  based  on  official 
documents,  for  the  purpose  of  comparison.  It  comprises  the 
leading  features,  working  cost,  and  performance  of  six  electric 
r.iiiwa\o  ow  the  continent.  On  the  old  Lichterlelde  Ime,  ihc 
first  in  the  table,  the  circuit  is  foruied  simply  by  the  rails.  On 
the  next  four  lines,  both  the  conducting  and  contact  wires  are 
placed  overhead,  but  laterally  to  the  line,  the  current  being 
transmitted  to  the  cars  by  a  iinall  trolley  running  in  a  slot  along 
the  contact  wire  ;  whereas  the  Fi  oicnce  line  has  the  simpler 
arrangement  of  a  central  overhead  contact  wire  and  trolley-pole. 

The  Pesth  lines  are  the  only  lines  constructed  on  the  under- 
ground channel-and-slot  system,  which  is  of  necessity  very  o^tly 
in  construction  ;  so  much  so  that,  for  sake  ot  economy,  an  ex- 
tension of  the  Imes  has  been  made  with  overhead  wires.  On  the 
Modling  line,  power  is  generated  by  a  locomotive  engme  of  140 
horse-power,  in  addition  to  three  small  stationary  engines  of 
15  horse-power  each.  On  the  Montreux  line,  local  water-power 
owned  by  the  company  is  lUUised,  the  dynamos  being  driven  by 
two  turbines  of  1 20  horse-power  each.  The  avecage  cost  of  con* 
struclioD  of  these  two  lines  and  the  Florence  line  was  ^£4,200  per 
mile ;  the  average  working  expenditure  is  45  centimes  per  train- 
kilometre,  or  7d.  per  train-mile.  The  three  lines  Mr.  Sheibner 
takes  as  typical  examples  of  economy,  efficiency,  and  success. 
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The  Florence  and  Fjesole  Electrical  Railway. 

This  line  is  7*3  kilometres,  or  4^  miles,  long,  having  gradients 
up  to  I  in  1 3^;  and  is  the  first  continuous  steep-grade  electric 
railway  in  Europe,  It  is  worked  on  the  overhead  system  of  con- 
ductors. The  line  was  opened  throughout  in  April,  189 1.  Of 
the  total  length,  52  per  cent  is  in  curves,  down  to  59  feet  radios, 
and  is  chiefly  on  the  steep-grade  section.    The  electric  works 
are  situated  at  St  Gervasio,  about     miles  from  Florence. 
The  general  arrangement  of  the  station,  with  engines,  dynamos, 
&c.,  is  shown  in  Fig.  346  (Plate  VII.).  Steam 
is  supplied  from  three  return-flue  boilers. 
Fig.  34  7)  6  56  feet  in  diameter,  with  an  inside 
flue  I  metre  in  diameter,  to  work  three  vertical 
compound  engines  of  80  horse-power  each, 
making  325  revolutions  per  minute,  and  driving 
three  Edison  compound  dynamos,  Fig.  34S 
KaUway:'sec-     (Plate  VII.),  which,  at  900  turns  per  minute, 
donofsdler.       give  no  amperes  at  500  volts,  each  dynamo 
developing  75  eftective  horse-power,  or  93  per 
cent,  of  the  engine-power.  There  are,  at  least,  one  engine  and  one 
dynamo  always  kept  in  reserve.  Cardiff  coal  is  consumed  at  the  rate 
of  about  1,980  pounds  per  engine  per  day,  making  steam  of  140  lbs. 
per  sq.  in.    The  feed-water  is  heated  up  to  176°  F.  before  use. 

An  overhead  main  conductor,  consisting  of  a  covered  copper 
wire,  No.  3,  B.VV.G.,  is  carried  on  poles  placed  at  a  distance  of 
from  6^  feet  to  13  feet  from  the  centre  of  line,  and  130  feet  apart 
in  straight  .sections,  and  from  80  feet  to  100  feet  in  curves.  They 
are  30  feet  high,  and  are  let  6i  feet  into  the  ground.  In  Florence 
they  consist  of  ornamental  cast-iron  columns,  with  brackets, 
Fig.  349,  the  insulators  being  fixed  at  the  top ;  but  in  the  open 
and  up  to  Fiesole,  timber  poles  are  used.  The  contact  wire, 
of  silicon  bronze,  5  millimetres,  or  ^inch  thick  (No.  4,  £.W.G.). 
is  susf>ended  over  the  centre  of  the  way,  20  feet  above  the  level 
of  the  rails,  from  the  brackets  of  the  iron  columns  or  poles, 
when  the  line  runs  alongside  the  road  i  and  from  transverse  wires 
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Lia  l.'De  is  7-j  kilometres,  or 4  oiHIo^taBU 
)  to  I  ifl  i:i ;  and  is  the  first  ooolinooiii  itt^ 
i\wx\  in  Europe.  It  is  worked  on  the  oidad^' 
;ctorv  The  line  was  opened  throBflwat 
r  total  length,  5:  per  cenL  is  in  coTres,  dotntt^w 
J  is  chiefly  on  the  steepfade  sectioa  TTi«jlsK' 
•  situated  at  St.  Gemsio,  about  ij  miifs  IfOQ '  »' 
The  general  airangement  of  the  station,  witii  e-V^^  ' 
i.c..isshowninFi^346(PfaicVl. 

i«  supplied  jhm  three  rs»« 
F;g.j,;.6-56feetindiimcr^ 
flue  I  metre  in  diameter,  to  wiiaP 
corapoood  engines  of  «o  ^^-^ 

tliree  Edison  cofl>pw»«'  ^ 
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hung  from  poles  on  both  sides  on  the  road,  where  the  way  is 
situated  in  the  middle  of  the  roadway.  In  atrves^  the  contact 
ynxre  is  kept  in  position  by  diagonal  wires  as  well.  The  current  is 
transmitted  by  the  main  conductor  to  the  contact  wire  in  sections 
of  about  150  feet;  with  two  subsidiaiy  conductors  connected  with 
the  main  conductor,  between  St*  Gervasio  and  Fiesole.  From 
the  overhead  wires  the  current  passes  through  the  trolley  and 
motors  of  the  car  to  the  rails,  which  form  the  retum-circuit.  To 
insure  perfect  continuity  of  the  circuit,  the  rails  are  connected  at 
each  joint  by  a  copper  wire  fixed  to  small  iron  pins  which  pass 
through  the  flanges  df  the  rail*   Earth-plates  are  not  used. 

The  small  trolley  wheel  is  a  inches  in  diameter,  and  it  runs 
along  the  lower  sur&ce  of  the  contact-wire  carried  on  a  tubular 
pole  15  feet  high,  2  inches  in  mean  diameter,  which  has  a  lateral 


Figs.  352, 353.  Fiesole  Railw&y:  Trolley  Pole. 


play  of  3  feet,  and  a  venical  \>\.iy  oi  10  feet,  and  is  reversible,  its 
lower  end  being  fitted  to  a  channel-iron  riveted  to  the  centre  of 
the  roof  of  the  car  Tigs.  350,  352,  and  353).  When  the  train  is  in 
motion  in  one  direction,  the  trolley  pole  is  inclined  in  the  opposite 
direction  at  an  angle  of  about  40*,  projecting  beyond  the  back 
platform,  and  brought  under  the  control  of  the  guard  by  means  of 
a  loose  cord  suspended  from  it. 

Each  car,  Figs.  350,  351,  carries  two  motors,  of  which  the  arma- 
tures consist  of  twenty-eight  spirals  of  -64  ohm.  resistance  each, 
the  maximum  efficiency  bein^'  90  per  cent.,  less  25  per  cent, 
due  to  loss  by  gearing.   They  are  suspended  between  the  car- 
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axles  and  a  transverse  channeUron  riveted  to  the  frame.  The 
motioo  is  transmitted  to  the  car-wheels  by  toothed  gearing, 
Fig*  3S4>  the  ratio  of  t  to  la.  The  dimensiotis  are  given 
in  the  following  tablet.  The  smaller  wheels  of  each  pair  are 
of  bronze,  in  view  of  the  greater  stress  on  steep  inclines.  They 
are  encased  in  metal  boxes. 


DimeosiiOM  of  teeth. 


Pinion.  


Depth. 


Width. 


Length. 


No. 

MUlinetrM.  i 

MUlimetm, 

1 

10  1 

7*5 

2 

7'5 

3 

IS  ' 

ICQ 

4 

15  \ 

10*0 

MiUsineties. 
95 

95 
loo 

100 


I 


DiAiuctcr  at 
pilch  line. 


UiUiawtKM. 
100 

400 
140 
420 


The  motors  are  placed  immediateiy  under  the  floor,  as  in 
Fi.LT.  351.  They  are  of  the  Sprague  type,  and  they  have  three 
conductors  which  can  be  coupled  in  seven  diherent  ways,  by 


Fig.  354.   Fiesole  Rulwfty : 
Car.   Gcwring  of  Motor. 


Fig.  355.  Fiesole  Rail* 
way:  Regttlaeor  of  Car. 


means  of  the  regulator,  Fig.  355,  on  the  platform — so  varying  the 
si)eed.  The  nioiorb  are  tested  to  develoj)  up  to  20  horse-power 
each,  or  40  horie-j^ower  for  both  ;  which  at  736  volt  amperes  per 
horse-power,  and  a  potential  of  500  volts,  is  equal  to  60  amperes, 
derived  from  the  main  conductor,  and  represents  (40  x 
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3000  metre-kilogrammes,  less  25  per  cent,  for  friction  by  gearing,  or 
22  50  metre-kiiogrammes,  equal  to  or  30  effective  horse-power. 
The  effective  powers  required  on  the  three  sections  into  which  for 
convenience  the  line  is  divided,  at  the  regolation  speeds  of  14, 10, 
and  8  kilometres  per  hour,  are  respectively  4, 16, 20  horse-poweronly. 

The  cars  are  14.4  feet  long,  or  ao  feet  long  including  the  end 
platfonns,  8 J  feet  wide  outside,  seated  for  24  passengers.  The 
total  height  is  10  feet  above  the  rails.  The  wheel-base  is  6  feet 
long*  The  weight  empty  is  5  tons ;  full,  7^  tons.  The  body  of 
the  car  resu  on  four  vertical  springs.  Curves  of  14  metres  and 
za  metres  can  be  passed  with  perfect  safety.  Each  platform 
is  fitted  with  a  regulator  disk,  a  sand-valve  handle,  a  mechanical 
chain-lnake,  and  an  electric  safety-brake.  The  roof  is  10  feet 
below  the  contact-wire. 

The  cost  of  construction  was  as  follows ; — 


Works,  w.Tv,  sidin'.;s,  buildings,  stations,  and  accessories  13,000 
Three  boilers  and  three  engines,  of  80  horse-power  each  4,000 
Electric  plaat,  three  dynamos,  twelve  car-frames,  with 


The  working  expenditure,  based  on  an  average,  of  375  car 
miles  run  per  day,  is  as  follows : — 


motors,  wires,  &c. 
Twelve  passenger-cars 
Telqibone  and  sundries 


9,000 

ItOOO 
t,000 


28tOOO 


Or  at  the  rate  of  /6.144  per  mile. 


Lire  p«r  iaj,  > 


Traffic  (guards,  inspectors) 

Maintenance  

Motive  power,  including  car  drivers 
Depreciation  and  renewals  of  boilers, 


38 
no 


o*< 


a*8o 


electric  plant,  cars,  line 
General  charges  . 


81 
4» 


208 
I      I '05 


Total  lire 


297 


<  7-58 


Digitized  by  Google 


604 


ELEOTRIC  TRACTION. 


Mr.  Sheibner  estiniates  that  if  instead  of  by  electricity,  the  line 
were  worked  by  eight  ordinary  i6*ton  locomotives,  or  by  eight 
i2*ton  combined  adhesion  and  rack  engines,  the  total  cost  of 
construction  would  have  been  as  follows : — 


Atjh«'«ion. 

Adhesion  And  racL 

Works  .... 

£ 

c 

.  IJ.OOO 

13,000 

Rack,  27  kilometres 

4,<xio 

Eight  engines  . 

5,000 

8,000 

Twelve  carriages 

2,400 

2,400 

1,000 

21,400 

28,400 

The  expenditure  per  day  of  one  oi  these  engines,  running  loc 


kilometres  or  60  miles  per  day,  is  : — 

I  irr. 

Fuel,  600  kiiogramroes,  40  lire  per  ton      .  24 

Oil  and  repairs  6 

Driver  and  stoker  9 

Total  33  = 


Hence,  for  six  engines  running,  with  two  in  reserve,  the  cost 

,.  ,        214  X 100  . 

IS  214  lire  per  day=  =35*7  centimes  per  train* 

kilumeire,  or  5.46  pence  per  train-miie,  which  is  nearly 
double  the  cost  for  electric  motive  power. 
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THE  LIVERPOOL  OVERHEAD  RAILWAY. 

This  railway*  is  6^  miles  in  length,  of  which  5^  miles  are  now 
worked  (March,  1894).  Thirteen  stations  are  in  use,  and  four 
arc  lu  be  added.  The  gradients  ore  easy,  excepting  two  short 
gradients  of  i  in  40,  under-crossing  a  coal  line.  The  sharpest 
curves  are  of  7  chains  radius.  The  line  is  carried  on  casi-iron 
columns,  of  wliich  the  normal  span  is  50  feet,  with  bow-string 
lattice  and  plate  girders. 

The  way  consists  of  flat-bottomed  steel  rails,  weighing  56  lbs. 
per  yard,  fixed  on  longitudinal  tnnbers  which  are  held  down  to 
the  floor  by  iron  lugs  riveted  on  to  it,  and  oak  keys,  Figs.  356, 
357.  On  the  curves  these  timbers  vary  in  thickness  according 
to  the  necessary  super-elevation  of  rail.  The  rails  are  fixed  by 
spikes  and  fang-bolts,  special  care  being  taken  in  fixing  them  to 
avoid  metallic  contact  with  the  main  structure.  The  electrical 
conductor,  which  consists  of  a  steel  bar  4  square  inches  in  section, 
of  1  I  form,  is  placed  midway  between  the  rails  of  each  line, 
and  is  carried  on  porcelain  insulators  supported  by  cross-timbers. 
The  joints  are  provided  witli  copper  connections,  and  since  the 
return  current  is  brought  back  through  the  rails,  a  bent  iron  bond 
riveted  through  the  web  of  tlie  rails  is  fixed  at  each  fish^joint. 
Cables  laid  under  ground  from  the  railway  to  the  generating^ 

♦  See  a  paper  on  "The  Liverpool  Overhead  Railway,'' by  Messrs. 
J.  H.  Greathead,  Francis  Fox,  and  Thomas  Parker,  in  the  Minutes 
of  Proceeding:^  of  the  InstituHott  of  Civil  Engineers^  vol.  cxvii., 
1893  -94. 
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station,  a  distance  of  60  yards,  connect  the  conductors  and  the 
rails  with  the  dynamos. 

One  train  consists  of  two  carriages,  each  45  feet  long  and 
8^  feet  wide,  on  two  bogies,  32  feet  apart  from  ceutre-pin  to 
centre-pin,  with  2-feet  9-inch  wheels,  7-feet  wheel-base  and  pressed 
steel  frames.  The  carriages  are  all  exactly  alike  and  contain 
accommodation  for  sixteen  first-class  and  forty-one  second-class 
passengers  in  each  carriage,  with  three  side  doors  and  a  passage 
from  end  to  end.    The  6rst-class  passengers  are  at  one  end  of  the 


Fio.  356.— Liverpool  Overhead  Railway:  Section  of  Coodoctor  Ctoasiaf. 

carriage,  and  the  driver's  box  with  switches,  etc.,  is  at  the  other. 
When  the  two  carriages  are  coupled  together  to  form  a  train,  the 
drivel's  boxes  are  at  the  extreme  ends  and  the  two  first-dass  com- 
partments consequently  together  in  the  middle  of  the  train,  A 
small  door  through  the  contiguous  ends  of  the  carriages  enables 
the  guard  or  attendant  to  pass  from  end  to  end  of  the  train. 

The  motors,  one  at  each  end  of  the  train,  are  controlled  from 
either  end;  the  driver,  of  course,  always  travelling  at  the  front 
end  of  the  train  and  changing  ends  upon  arrival  at  a  terminus,- 
carrying  with  him  a  key  without  which  the  motors  cannot  be 
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operated.  In  a  irain  thus  arranged  one  driver  and  one  conductor 
constitute  the  train  staflf,  the  guard  as  well  as  the  driver  having  it 
in  his  power  to  cut  ofif  tlie  current  from  the  motors  and  to  apply 
the  brakes. 

The  trains  are  fitted  with  the  Westinghouse  automatic  brake, 
deriving  its  supply  of  compressed  air  from  a  reservoir  on  the  train. 
The  reservoir  has  a  capacity  sufficient  for  two  complete  journeys 
and  is  rechai^ed  each  journey  from  a  receiver  placed  at  the 
terminus  at  the  north  end  of  the  line. 

A  band-brake  is  also  provided  at  eacb  end  of  tbe  train. 


Fig.  357.— Liveipool  Overhead  Railway :  Bogie  with  Armature. 

Transverse  section. 


The  generating-station,  Plate  VIIL  (Figs.  358,  359),  is  under 
tbe  arches  of  the  coal-iailway  of  the  Lancashire  and  Yorkshire 
Railway  Companf  at  Wellington  Dock.  The  coal,  bituminous 
slate,  is  here  tipped  direct  from  the  railway  trucks  into  large 
hoppers  placed  over  the  boilers,  and  is  distributed  by  means  of  a 
conveyor  to  the  shoots  of  the  Vicars  mechanical  stokers  with 
which  the  furnaces  are  fitted.  There  is  thus  no  handling  of  the 
coaL  Water  from  the  adjacent  dock  is  used  for  condensing,  and 
tbe  town  water  for  the  bdlers. 

The  boilers  are  of  the  double-flue  Lancashire  type  with  cross 
tubes ;  they  are  of  steel,  6  in  number,  each  8  feet  in  diameter  by 
30  feet  long,  with  a  working-pressure  of  1 20  lbs.  per  square  inch, 
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aod  Gieen  economisets  in  duplicate  are  fixed  in  the  inaiii  fino. 
The  steam  and  feed-pipe  ranges  are  also  in  dupIicMe.  The  . 
engioes  are  four  in  number,  each  consisting  of  a  pair  of  horizonl^ 
compound  condensing  engines,  built  by  Messrs.  Musgrave  &  Co. 
of  Bolton,  who  contracted  with  the  Electric  Construction  CorpcMr 
tton  to  supply  the  engines  and  boilers  complete,  and  with  Ae 
Company  to  erect  the  chimney  shaft  (165  feet  high),  foundatiots 
of  boilers,  engines,  etc.  The  high-pressure  cylinders  are  15! 
inches,  and  the  low-pressure  31  inches  in  diameter,  with  a  strobe 
of  36  inches,  fitted  with  Corliss  valves  driven  by  Trip  gear,  acted 
on  directly  by  the  governor.  Each  engine  will  develop  400  LILP. 
at  100  revolutions  per  minute  irith  lao  lbs.  boiler-pressure.  AH 
the  engines  exhaust  to  one  condenser  of  the  tubular  surface  tjpc. 
The  centrifugal  circulating  pump  and  air-puntips  are  driven  by  a 
Musgrave  No-dcad-centre"  vertical  compound  engine,  and  ibc 
condensing-plaiiL  ib  Ui  /iuplicate. 

Each  engine  drives  an  Elwcll  Tdrker  dynamo,  from  which  liie 
current  is  conveyed  north  and  south  along  each  line  of  the  railway 
by  the  steel  conductor  already  described.  Hinged  collectors  oJ 
cast  iron,  bliding  upon  this  conductor,  the  upper  surface  of  which 
is  about  I  inch  higher  than  rail  level,  allow  the  current,  when 
required,  to  pass  through  the  motors  and  to  return  by  the  wheeia 
anel  the  rails  to  the  dynamos.  At  the  crossings  the  conductor  is 
bent  to  form  wings  parallel  to  the  rail  to  be  crossed,  in  the  saioe 
way  as  is  usually  done  at  rail  crossings. 

The  empty  train  weighs  31  tons  2^  cwi.,  of  wliich  the  electrical 
equipment  for  locomotion  weighs  6  tons  7  cwt.  With  all  seati 
occupied  by  passengers,  the  total  weight  is  about  38  tons  6  cmU 
but  on  occasions  the  standing-room  in  the  train  is  also  fully  occu- 
pied, bringing  the  weight  to  perhaps  50  tons.  The  weight  ot 
locomotive  equipment  is  thus  about  125  lbs.  per  passenger,  and 
about  20  per  cent,  of  the  total  weight  of  the  train  with  all  seats 
occupied,  each  passenger  being  taken  at  140  lbs.  weight  A  com- 
parison of  these  figures  with  those  of  trains  on  other  railways  using 
electric  and  steam-locomotives  is  given  in  the  next  table : — 
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Comparative  Weight  and  Passengers  of  Electric 
AND  Steam  Conveyance. 


Weight  of  motarsor  loco- ) 

motive  .  .  .  j 
Number  of  passenger-  / 
seats  in  traia  .  .  i 
Weight  of  motors  or  loco- 
motive per  passenger, 
in  lbs. 

Weight  of  full  train  (all  / 
seats  occupied)  .      .  j 

Weight  of  motors  or  loco- 
motive relatively  to 
weight  of  full  train,  ex 
motors  or  locomotives, 

per  cent. 

Average  weight  of  empty  i 
carriages  {ex  motors) ' 
per  passenger  seat,  i 
in  lbs.        .  .  * 

Weight  of  full  train  per  \ 
passenger,  in  lbs.      ,  ^ 


Electric 
Molon* 

Electric 

Locomo-        Stem  LoCMUltiviM. 

lives.  1 

Liverpool 
Overhead 
Railmy. 

City  aod 
South 

RaUwar. 

Manhatta 
^Railway, 
NcfirYork. 

Gt.  Northern 
Railway, 

OnoUJ  DmQ 

TMn. 

T.  C.  Q. 

T.  C.  Q. 

T.  C.  Q. 

T.  C.  Q. 

670 

10  7  0 

23  4  0 

53  »o  0 

114 

96 

330 

4x4 

"5 

241 

217 

390 

r.  c.  Q. 
38  5  a 

T.  C.  Q. 

37  7  0 

T,  C.  Q. 

104  I  0 

T.  C.  Q. 
188  II  0 

20 

38 

29 

40 

487 

490 

615 

752 

871 

972 

1,020 

For  the  geneiattng-plant  there  are  four  dynamos  of  the  doubie 
limb  type,  each  having  abnormal  output  of  475  amperes  at  500 
voltSy  at  430  revolutions  per  minute,  or  say  i»3oo  electric  H^. 
in  all*  The  anaogement  of  the  generating-plant  is  shown  in 
Pkte  VIII.  The  dynamos  are  formed  with  a  magnetic  circuit 
above  and  below  the  armature,  the  poles  being  cut  through  hori- 
zontally along  the  centre  line  to  allow  the  upper  part  to  be  lifted 
readily.  They  are  shunt-wound,  of  ''drum"  type^  with  stranded 
conductors.  The  resistance  of  the  armature  is  0*01  ohm,  and 
that  of  the  shunt  is  75  ohms,  the  electrical  efficiency  of  the 
machines  being  977  per  cent.    The  armature  and  shaft  weigh 
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3  tons,  and  the  complete  machines  %\\  tons  each,  £ach  dynamd 
is  driven  by  nineteen  i^inch  cotton  ropes,  from  a  hotixonlil 
compound  engine,  indicating  400  H.P.  at  fall  load. 

The  armature-shaft  carries  a  half-coupling  by  which  it  is  coc* 
netted  to  the  pulley-shaft,  which  runs  between  two  bearings;  tfa« 
armatures  can  thus  be  easily  removed  without  disturbing  die 
pulley  and  ropes.  The  dynamos  are  built  on  lines  suffideotlr  \ 
massive  to  be  capable  of  producing  a  much  greater  output  than 
the  normal  for  a  short  period  without  injury.  They  can  check 
the  engines  in  the  event  of  too  heavy  a  call  being  made  upon 
them,  and  so  prevent  any  serious  damage  occurring  to  them,  is 
case  of  a  continuous  short-ctrcuit  on  the  line. 

The  current  from  each  dynamo  is  connected  to  common  omni- 
bus bars  through  an  ammeter  and  automatic  magnetic  cut-out,  so 
that  all  can  work  in  parallel.  These  cut-outs,  which  protect  the 
generating  plant,  are  also  used  as  switches,  and  are  thus  always 
kept  in  working  order.  A  similar  form  of  switch  is  used  on  the 
t  ars,  and  the  guard  can,  independently  of  the  driver,  by  applying 
llic  brakes,  cut  the  curicnt  otV  tlie  motors,  and  bring  the  train  to 
a  slandstill  From  the  omnibus  bars  the  current  passes  tliruu^i: 
a  main  magnetic  cut-out  (adjusted  to  break  circuit  with  a 
current  of  3,000  to  4,000  amperes)  to  the  centre  coniiuctor, 
from  which  the  moving  trains  collect  their  current,  by  four 
\\  "Callender"  lead-sheathed  and  steel-armoured  cables  laid 
under  the  road  between  the  generating-statiou  and  the  overhead 
structure. 

The  main  conductor  is  of  steel,  4  square  inciies  in  section, 
as  already  stated,  rolled  in  lengths  of  32  feet  6  inches,  and 
weighs  about  40  lbs.  per  lineal  yard.  It  is  supported  between  the 
main  rails  on  wooden  cross-sleepers  and  rests  on  porcelain  insu- 
lators. The  steel  channel  is  not  rigidly  attached  to  the  insulators  in 
anyway,  and  is  supported  by  them  at  every  7  feet  6  inches,  except 
where  joints  occur  in  the  conductor,  in  which  cises  the  insulators 
are  2  feet  6  inches  apart.  The  lengths  of  conductor  are  electri- 
cally connected  by  flexible  copper  straps.  There  are  no  feeders, 
and  the  return  circuit  is  through  the  rails,  which  aie  united  by 
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wrought-iron  bonds  riveted  to  the  web  and  bridging  across  the 
iish-plates.  All  four  rails  are  cross^bonded  at  the  stations,  but 
are  insulated  from  the  structure  by  longitudinal  sleepers.  They 
weigh  56  lbs.  per  lineal  yard.  The  return  circuit  has  thus  a  sec- 
tional area  of  approximately  32  square  inches.  At  each  stadon 
there  is  a  cross-over  road,  and,  in  order  to  surmount  the  difficulty 
of  carrying  the  charged  conductor  past  the  main  rails  at  these 
points,  a  was  broken,  and  each  end  was  bent  parallel  to  the  main 
rail  lor  some  distance  on  each  side  of  it,  being  electrically  con- 
nected under  the  rail,  and  fixed  I  inch  above  it.  The  collectors 
on  the  car  were  made  wide  enough  to  bridge  across  the  gap  thus 
formed  without  breaking  the  circuit. 

Each  car  is  an  independent  unit,  having  a  mentor  built  with  the 
armature  direct  upon  the  front  axle  of  each  bogie,  on  Mr.  Kicke- 
meyer's  system  (Figs.  360,  361),  The  magnets  are  maintained 
in  correct  relation  to  the  armature-axle  by  two  cast-iron  llitch- 
frames,  cairletl  by  forged  extensions  of  the  magnet-yokes.  Tlie 
weight  of  the  magnets  is  taken  off  the  axles  by  means  of  adjust- 
able springs  suspended  from  the  bogie  frame  and  attached  to 
brackets  at  each  end  of  the  motor.  To  retain  the  magnets  in  a 
correct  horizontal  position,  a  lever-arm  projects  from  the  inside  end 
of  the  motor»and  is  attached  on  the  bogie-truck  beyond  the  bolster 
by  rubber  spring  pads,  top  and  bottom.  The  motors  are  series- 
wound,  and  develop  40  H.P.for  any  length  of  time  without  undue 
heating.  The  armature-resistance  is  0  67  ohm,  and  that  of  the 
field-magnet  coils  is  0*37  ohm.  The  tractive  force  of  each  motor 
at  the  rim  of  the  wheels  (2  feet  9  inches  in  diameter)  with  100 
amperes  exceeds  X)45o  lbs.  (about  87  lbs.  per  ton  of  train).  The 
weight  of  each  motor  with  its  axle,  without  the  wheels,  is  3  tons, 
and  that  of  the  motor-truck  complete  is  5  tons  7  cwt. 

According  to  the  results  of  tests  at  the  generating-station,  the 
mean  efficiency,  or  ratio  of  £.H.P.  to  J.H.P.  was  88  per  cent. 
The  tests  lasted  over  3^-  hours ;  the  coal  consumed  was  4,03a  lbs. 
Total  E.H.P.  hours,  1,195 1  P^^  E.H.P.  hour,  3-37  lbs. ;  coal 
per  I.H.P*  hour,  a '96  lbs. 

The  power  absorbed  by  a  train  daring  an  experimental  run 
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covering  the  length  of  line  at  present  open  (5/i  miles)  in  tweoty- 
four  minutes  fifty-seven  seconds,  with  intervals  of  twenty-fire 
seconds  stoppage  at  the  stations,  or  an  average  running  speed  of 
15*1  miles  per  hour.    Also  during  one  journey  performed  in 


iiciii.  360,  361. — Liverpool  Overhead  Railway:  Bogie  with  Ariuataic. 

Elevation  and  Plan. 


twenty-three  minutes  forty-seven  seconds,  or,  at  the  rate  of  161 
miles  per  hour. 
The  particulars  of  these  trials  aie  given  below : — 

March  5TH,  1893.   First  Journey. 

Herculaneum  to  Alexandra  {rehfrn).   One  train  on  line. 

Loaded  with  8  tons  (iron  weights). 

Total  time  on  journey,  24  minutes  57  seconds. 
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Total  time  current  is  on  car,  17  minutes  7  seconds. 

train  is  standing-,  4  minutes  35  seconds. 
Total  distance  run,  9,030  4  yards  =  5  miles  230  yards,  say  5^  miles. 
Average  speed  white  running,  15  miles  per  hoitr, 

„    including  stops,  12*3  miles  per  bour. 
Average  current  per  train  wUle  Tunning,  827  amperes,  including 

stop,  67*3  amperes. 
„     electrical  H.P.  per  train  while  running,  54*4  electrical  H.P., 

including  stop,  44*4  electrical  H.P. 
„     electromotive  force,  485*2  volts  on  car. 


March  .sth,  1893.  Sscond  Journey. 

Herculaneum  io  Alexandra  (rehfrn).    One  train  on  line. 

Loaded  with  8  tons  (iron  weights). 
Total  time  on  journey,  23  minutes  47  seconds. 
„     „  current  is  on  car,  15  minutes  18  seconds. 
„         train  is  standing,  4  minutes  40  seconds. 
„   distance  run,  9,030*4  yards,  say  5^  miles. 
Average  speed  while  running,  161  miles  per  hour. 

,,    including  stops,  13  miles  per  hour. 
„      current  per  train  while  running,  90*8  amperes,  including 
stops,  73  amperes, 
eleetiieal  H.P.  per  train  while  xonnbg,  57*1  electrical  H.P., 

including  stops,  46  electrical  H.P. 
electromotive  force  on  car,  484  volts. 

The  weight  of  a  car  complete  without  passengers  is  15^  tons. 
For  the  test  each  car  was  loaded  with  4  tons,  making  the  total 
weight  of  the  train  39  tons.  The  average  power  absorbed  was 
44*4  KH.P.  at  1 5- 1  miles  per  hour,  and  46  E.H.P.  at  i6*z  miles 
per  hour. 

The  quantity  of  coal  consumed  for  all  purposes  per  train-mile 


was: — 

ibt. 

April   25- 16 

May  «•«...•  20  03 

June   x8'97 

July   18*27 

August   i6'95 

September   17*20 
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The  composition  of  the  coal,  Lancashire  small  slack,  was  as 
follows : — 

I'rr  C.-nt. 

Fixed  Carbon  70"0i> 

Volatile  Hydrocarbon    ....  l6'47 

Sulphur  192 

Moisture  3'0i 

Ash  8*51 

Its  calorific  value  is  approximately  75  per  cent,  of  that  of  bet 
Welsh  coal.  The  price  of  the  slack  which  was  used  until  ^ 
latter  part  of  August  was  55.  rod.  per  ton,  but  since  that  date, 
owing  to  the  strike  in  the  coal  trade,  coal  has  been  procured  fiom 
various  sources  at  price  ranging  up  to  17s.  6d.  per  ton. 


Cost  of  Working  on  Liverpool  Overhead  Railway, 
INCLUDING  Lighting  op  Stations  and  Signals. 


Pence  per  Tr«in-Milfe^ 

Angust. 

Supervision  ..... 

0*416 

0-416 

0-416 

Generatinsf-Station,  Wages  . 

o-6i8 

0-590 

Drivers'  Wages  .... 

1*076 

l'04J 

1*058 

Coal 

0-589 

0-718 

viyi 

Oil,  Waste^  Grease 

o'i4o 

0-139 

0*129 

Water  ...... 

O'OlO 

0  013 

0*015 

Stores  and  Sundries      .  . 

0-105 

01 15 

Qeaning  and  Repairs,  &c., )  Wages 

o'545 

0*521 

0'339 

at  the  Car-Shed           )  Material 

0*284 

0*430   1  0*221 

Total 

3*975 

4-35' 

Allowance  for  Signals  and  Lighting 

0*286 

0*271 

0*276 

Cost  of  Running  .... 

3704 

4075 

Train  Mileage       \      .      .  . 

39.250 

40,640 
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THE  ROUNDHAF  (LEEDS)  ELECTRIC  TRAMWAV. 

This  line  is  an  exanii'le  of  the  'rhomson-Houston  system.  The 
most  distinctive  feature  ot  the  installation  is  the  fact  that  it  is 
carried  out  entirely  in  accordance  with  current  American  practice, 
and  it  is  interestini;  to  see  hosv  tar  that  practice  is  applicable  to 
English  conditions.  Although  the  line  meets  with  the  approba- 
tion  of  the  residents  of  the  district,  the  use  of  single-decked  cars 
of  the  American  type,  seating  only  twenty-two  passengers  each, 
proves  to  be  a  mistake.  Double-decked  cars  might  be  used 
without  difficulty,  but  at  the  time  the  line  was  constructed  these 
were  not  procurable  in  time,  and  their  importance  was  not 
recognised. 

The  line,  which  covers  about  three  miles  of  ground,  is  more  or 
less  a  suburban  one,  starting  about  a  mile  from  the  centre  of  I>eeds, 
and  running  out  to  Roundhay  Park.  It  is  nearly  straight,  with 
the  exception  of  the  Park  end,  where  there  is  a  balloon  loop^ 
which  avoids  changing  the  direction  of  the  cars  at  that  end.  This 
arrangement  was  made  originally  for  steam-trams,  and  is  not  at  all 
essential  for  the  electric  system.  There  are  two  miles  of  double 
track  and  a  branch  line  of  a  mile  and  a  quarter  of  single  track, 
with  passing  places,  making  a  total  of  5i  miles  of  track.  The 
maximum  gradient  (of  which  there  are  two  instances,  each  about 
a  quarter  of  a  mile  long)  is  i  in  20.  There  are  several  other 

•  For  the  materials  of  this  Chapter,  the  Author  is  indebted  to  Mr. 
1.  E.  Winslow,  the  Managing  Engineer  of  the  line. 
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less  gradients ;  in  fact,  the  line  is  practically  a  continuous  gradie&l 
from  the  city  terminus  to  the  park. 

The  permanent  way — which  was  constructed  by  the  Leeds 
Corporation  several  years  previously  to  its  adaptation  to  present 
purposes— consists  of  a  98-lb.  girder  rail  of  standard  section,  laid 
on  a  bed  of  concrete  9  ins.  thick,  extending  from  curb  to  curb. 
The  metals  are  held  to  gauge  by  iron  tie  bars  at  sliort  intenals. 
The  joints  rest  upon  iron  sole  plates.  This  line  has  been  in  use 
for  nearly  three  years  with  electric  traction,  and  for  several  year 
previously  with  steam  traction.  The  repairs  have  been  nomioaL 
The  electric  system  was  installed  by  the  Thomsoo-Hoaston 
International  Electric  Company  in  accordance  with  their  staodaid 
practice. 

A  diagrammatic  sketch  which  shows  the  circuit  aa  in  use  bs 
already  been  given  in  Fig.  340  (p.  562),  and  the  descripd«i 
accompanying  that  aketch  (p.  561)  may  be  referred  to 
advantage.  Here  it  will  be  sufficient  to  say  that  the  cunoit 
passes  out  from  the  dynamo  along  the  trolley  wire  to  the  car,  and 
thence  passing  through  the  car  and  motors  returns  by  the  nil  10 
the  dynamo. 

The  electric  connections  of  the  rails  arc  shown  in  Fig.  j^^- 
There  is  a  tinned  copper  wire,  '34  inches  in  diameter,  laid  between 
the  metals  on  each  track.    At  the  joints  a  smaller  cojiperwirtW 

kcvL'il  Lo  cacli  r.i;l  bv  the  peciili.ir-shaped  ]  bliown  in  the  sketdi; 
this  wire  is  soldered  to  liic  luauj  iLtuiii  wiie,  and,  as  will  be  5***^ 
each  rail  is  connected  twice  to  this  main  return. 

The  overhead  construction  is  ui)on  what  is  known  as  the  cross* 
.suspension  method — that  is,  steel  poles,  as  shown  in  Fig.  363*^ 
set  6  feet  into  the  ground  on  the  curb  at  each  side  of  the  road, 
and  a  steel  wire  stretched  between  the  two  poles.  These  pole^arc 
set  in  concrete  to  make  them  as  rigid  as  possible.  From  the  steel 
wire  is  siic]>  n  led  a  trolley  wire,  which  is  of  hard-drawn  copper 
wire  ol  '34  niches. 

A  very  good  idea  of  the  way  this  method  of  suspension  1<>^^* 
in  practice  will  be  gathered  from  Fig.  364  (Plate  DC.),  which 
taken  from  a  photograph  of  the  single-branch  line.   The  details 
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of  this  mpeiuaoii  are  shown  in  Fig.  365,  the  car,  b,  bdng 
soldered  to  the  trolley  wire,  D.  The  insulators  c  and  a  are  of 
hard  rubber,  and  their  position  may  be  seen  in  the  upper  part 
of  the  sketch,  f  and  b  are  the  cast-iron  hang^ 
which  hold  the  insulator  in  place.  These  are  of 
different  forms  for  different  line  oonstraction,  r 
being  used  in  the  curve,  and  b  on  the  straight  line 
only. 

Fig.  3C6  is  the  section  of  the  top  of  one  of 
the  steel  poles,  showing  the  method  of  insulation, 
A  being  a  wooden  plug  driven  into  the  top  of  the 
pole.  This,  as  will  be  seen,  gives  double  Insulation 

all  over  the  line. 

l  igs.  367  and  368  show  the  devices  used  fix 

isiarvaiu:  ihc  trollcv-wheel  follow  the  car  un  a  branch 
line  or  lurn  uiit.  riicv  arc  usually  dcsigriatcd  uS 
"frogs."  The^e  arc  set  slightly  out  of  tlic  centre 
of  the  track,  so  that  wlien  the  switch  in  the  per- 
manent way  sends  the  car  on  to  the  branch  line 
the  trolley-wheel  is  dragged  to  one  side  and  follo«i"s 
the  desired  wire. 

The  cars  now  in  work  (July,  1S94)  are  six  in 
number,  and  are  of  tlic  standard  American  pat- 
tern, seatint^  22  passengers  each.  They  make  a 
run  of  no  miles  a  day  each,  and  upon  Satur- 
days,  Sundays,  and  holidays  two  trail  cars  are 
also  run,  each  seating  46  passengers,  the  motors 
being  of  ample  power  to  draw  this  additiofial 

Fio.  3^3.  Steel  ^oad. 
Dole  fot  Ovrr-     Each  Car  is  equipped  with  two  single-reduc- 
tion motors,  each  of  15  H.P.,  as  shown  in  Fig. 
369.    Fig.  370  will  give  a  better  idea  of  the 
details.   The  following  particulars  will  be  of  interest : — 

Weight  of  motor,  without  gear  of -gear  cover     .    2,060  lbs. 
armature*  with  pinion       .      .      .     4^-1  *« 
one  field«spool  128  „ 


jcad  lli.sUilla- 

tion. 
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Fig.  365.   Details  of  TroUey-wire  Suspeosion. 


Fio.  36G.  Section  of  Top  of  Steel  Pole. 
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Flos.  367,  368.   *'  Frogs  "  for  diverting  Trolley -wheels. 


Fio.  369.  Siogle-rediictioa  Motor  for  Car. 


Weight  of  one  pole-piece   370  lbs> 

M      franie»  including  nose-piece  693 

axle  gear   315  „ 

Number  of  teeth  in  gear   67 

„         „      in  pinion  14 

Fitch  diameter  of  gear   23  J  in. 

„    in  pinion  4I  „ 

Speed  reduction  478 


The  motors  are  series-wound,  but  are  in  parallel  with  reference 
to"^  each  other.  In  running  the  car,  the  speed  is  regulated  by 
means  of  a  rheostat,  as  shown  in  Fig.  371.  This  is  composed  of 
thin  plates  of  iron  insulated  from  each  other  with  mica.    As  will 
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Fio.  37a  Details  of  Singk-redactkm  Motor. 


Fio.  371.  Rheostat  and  Reversing  Switch. 
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be  seen,  it  is  in  the  form  of  a  semi  circle,  nnd  is  exceeding  cotti- 
pact  for  the  amount  of  resistance  which  it  com. mis.  It  is  of>eraled 
by  steel  cable,  which  passes  round  the  drum  and  goes  to  the  con- 
troller stand  (Fig.  372)  at  each  end  of  the  car.  These  controlic: 
stands  are  fitte  1  with  sprocket-wheels  and  chain,  wiiich  are 
attached  to  the  en(!s  of  the  cables  pnssing  round  the  drum:  bv 
this  method  the  amount  ot  resistance  is  regulated  by  ilic  man  in 

charge.  The  direction  of  the  car  is  ch.aDged 
bv  means  of  the  revcising  switch,  n,  in  Fig. 
371,  tliis  l  eing  controlled  in  the  same  mancer 
as  the  rheostat. 

The  current  is  taken  Irom  the  trolley-wire 
by  the  trolley,  shown  in  Fig.  373,  a  steel  pole 
being  used  between  the  stand,  b,  and  the 
head,  a,  which  carries  the  trolley-wheel,  as 
seen  in  the  illustration.  This  stand  is  free 
to  revolve  upon  the  pivot,  which  gives  an? 
desired  lateral  play,  and  the  springs  press  the 
wheel  u)}  against  the  wire,  the  tension  being 
regulated  by  the  check-nuts,  as  shown ;  this 
gives  a  universal  motion  to  the  trolley-wbeeL 
It  should  be  noticed  that  the  cam  at  the  base 
of  the  trolley  is  of  such  a  shape  that  the  pres- 
sure upon  the  trolley-wire  is  always  constant 
irrespective  of  the  angle  which  the  trolley-wire 
makes  with  the  pole. 
Fig*  374  shows  a  sketch  plan  of  the  sts- 
Fio.  372.  Contioller  ^^^^  car-shed.  The  latter  is  a  brick  and 
Stand.  iron  building,  fitted  with  four  tracks,  ttch 
capable  of  storing  two  cars.  Under  eadi 
line  track>pits  are  constructed  to  admit  of  the  easy  inspection 
of  the  motors.  The  engine-house  is  a  teniporary  structure  of 
corrugated  iron,  which  adjoins  the  car-shed. 

The  engine  is  of  the  American  horizontal  type,  by  Mes^r^. 
Maclntosii  Seymour.  It  has  but  a  single  cylinder,  iSxiSi, 
and  indicates  200  H.P.,  at  100  lbs.  of  steam  and  200  rcvoluttoos. 
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The  governor  of  this  engine  is  situated  in  the  fiy-wheel,  and  is 
so  sensitive  that  it  maintains  the  speed  within  a  per  cent,  no 
matter  how  widely  the  load  flactuates. 

There  are  two  dynamos  ol  the  Thomson-Houston  manufacture, 
illustrated  in  Fig.  375^  each  of  which  is  capable  of  delivering 
62  units  at  300  volts.  They  are  driven  by  endless  perforated 
leather  belts,  running  at  4,500'  per  minute*  The  switch-board  is 
placed  at  one  end  of  the  station,  and  contains  the  necessary 
instruments  for  the  control  of  the  lines.  Carbon  brushes  are  used 
on  both  dynamos  and  motors :  these  are  set  radially  to  the  com- 
mutators, and  are  self-feeding. 


Fig.  373.   Trolley  Stand. 

The  boiler  is  of  the  water-tube  type,  by  Messrs.  Babcock  & 
Wilcox,  and  is  fitted  with  a  mechanical  stoker.  The  feed  water  is 
heated  by  exhaust  steam. 

The  line  commenced  operations  on  November  nth,  and 
up  to  June  30thy  1394,  the  total  mileage  was  505,337. 

As  no  water  was  available  for  condensing  purposes,  it  was 
necessary  to  use  a  single-cylinder  engine.  This  engine,  as  abeady 
stated,  is  capable  of  indicating  200  H.P.  at  the  most  economical 
point  of  cut-off,  and  as  the  average  load  does  not  run  beyond 
60  H.P.,  although  the  maximum  load  frequendy  reaches  the  full 
capacity  of  the  engine,  great  economy  is  not  to  be  expected  under 
such  conditions. 
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As  will  have  been  seen  from  the  particulars  given  with  Fig.  37c, 
the  weight  of  the  motor  is  very  much  greater  than  the  mort 
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modern  ones  uuiuir.icturcd  by  ilic  saino  C^jmpany,  which  wei^a 
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in  spite  of  these  adverse  conditions  and  an  exceptionally  high 
rate  of  wages  paid  to  the  conductors  and  drivers,  it  has  been 
possible  to  operate  the  line  for  5'557d.  per  car  mile,  the  details  of 
which  are  given  in  the  subjoined  table. 

Nothing  is  included  in  the  table  for  maintenance  of  the  way. 
This  being  the  property  of  the  Corporation  of  Leeds,  the  tramway 
company  are  not  responsible  for  the  repairs,  but  they  pay  to  the 


Fig.  375.    Thomson-Houston  Dynamo. 


Corporation  a  nominal  rent — as  stated  in  the  table — which  would 
(it  is  estimated)  be  about  equal  to  the  cost  of  maintenance. 

Again,  there  is  no  allowance  for  depreciation  or  interest,  but 
depreciation  should  not  be  high,  as  the  operating  expenses  of  the 
road  are  considerably  lower  than  when  it  was  first  put  into 
operation. 

The  following  is  the  table  referred  to  : — 
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ROUNDHAY  £L£CTRIC  TraMWAY. 

Operation  Expenses  from  January  ist  to  June  30TR.  1894. 


Wages  of  drivers   335  i 

M       cooductora,  inspectors, cleaners,  etc.    .  46a  18  \\\ 

,,       power  station   308  15  3 

Sundry  materials  used  io  car  house,  etc.        .      .  29   8  0^. 

„                     ,f     power  station  .      .      .  51170 

Fuel   333  19  6^ 

Maintenance  of  car  equipment       .       .       .       .  161  16  2 

tt         •»    power  station       .      .      .      .  94  17  i 

„             overhead  line       .           .      .  18  12  5^ 

Salaries^-office  and  management  ....  239  12  b 

Stationery  and  printing   15   o  4 

Pnsta'j;-e  nnd  Teleq;rams  ,  5    3  9!» 

Rent  of  permanent  way   70  lo  6 

Rent,  rates,  and  taxes      .       .       .              .       •  ^53  <' 

Freight  and  cliHiges   7  11  2 

Insurance   18141 

Uniforms,  etc*   16  8  3^ 

Accountant's  charges   26  5  o 

Miscellaneous  expenses   33  o 

£2,iS2  19  6 

Number  of  miles  run  .  .  I02»9i4 
Cost  per  car^mile  .  5*557d. 
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SOUTH  STAFFORDSHIRE  ELECTRIC  TRAMWAY, 

This  tramway  line  is  one  of  the  only  two  street  tramways  in 
England  worked  by  means  of  an  electric  current  conveyed  by 
bare  conductors;  the  other  being  the  Roundhayline,  described  in 
the  last  chapter.  The  South  Staffordshire  line,  8  miles  in  length, 
forms  part  of  the  South  Staffordshire  Tramway  Company's  system, 
of  which  the  total  extent  is  23  miles.* 

The  South  Staffordshire  Tramway  Company  serves  a  district 
whose  population  is  over  300,000,  and  the  lines  form  a  means  of 
communication  between  Birmingham  and  the  towns  of  Walsal], 
Blozwich,  Wednesbuiy,  Dudley,  Tipion,  West  Bromwich,  and 
Handsworth,  by  a  junction  with  the  Birmingham  Central  Tram- 
ways. The  whole  system  is  laid  to  a  gauge  of  3J  feet,  with 
6-inch  girder  rails  upon  a  bed  ol"  concrete ;  and  is  paved  with 
granite  setts  between  the  rails  and  for  18  inches  outside.  It  was 
oi-oUidlly  worketl  by  steaui  locomotives  of  the  Wilkinsoa  iyi>e,  and 
with  the  exception  of  the  8  miles  of  electric  line  all  the  sections 
are  still  .so  worked.  The  electric  line  commences  at  a  junction 
in  VVednesbury  with  the  line  trom  Han«isworth,  passing  through 
the  Market  Place,  along  the  Wednesbnry  Road  to  the  Pleck,  where 
it  is  joined  by  another  section  of  the  electric  line  which  connects 
that  point  with  Darlaston.  It  then  i)asses  along  the  Walsall  Road 
to  Walsall  Bridge,  where  it  again  divides,  one  section  goiag  to 

*  The  particulars  and  illustrations  here  given  are  taken,  by  per- 
mission, from  a  paper  by  Mr.  Alfred  Dickinson,  A.M.C.E.,  in  the 
MinuUs  of  the  Proceedings  0/  the  Institution  of  CivU  Engineers^ 
vol  czvii.,  session  1893 — ^4,  part  iii. 
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Rushall  and  the  other  to  Bloxwich.  These  sections  were  origin- 
ally oi)enccl  for  public  traffic  as  a  steam-tramway  line  in  September, 
18S4.  but  objections  being  raised  to  the  use  of  the  steam  cngicK. 
the  Company  received  an  intimation  from  the  Board  oi'Traiei* 
1S91  iliat  It  would  not  be  allowed  to  continue  to  work  the  hneby 
steam.  On  application  to  the  municipal  authorities  to  sanctio: 
the  overhead  electric-traction  system  as  employed  in  the  tf! 
States,  the  authorities,  after  visiting  Leeds,  refused  to  sanction 
the  system  as  at  work  there,  chiefly  on  account  of  its  unsightii- 
ness.  The  system  about  to  be  described  was  designed  by  Mr. 
Dickinson  to  overcome  their  objections,  and  they  consented  to  iti 
introduction. 

The  principle  of  the  American  system,  whether  the  trolley-wiie 
be  suspended  from  the  span-irires  crossing  the  street,  or  fiom 
brackets  upon  the  poles,  necessitates  the  trolley^wire  foUoviD^ibe 
exact  curvature  of  the  track.  Therefore  the  number  of  span-wirei, 
poles,  and  pull-over  wires  is  practically  governed  by  the  phxacal 
conditions  of  the  road :  the  stmighter  the  road  the  fewer  the 
number  of  poles,  cross  wires,  and  pull-over  wires ;  and  the  moie 
tortuous  the  road  the  greater  the  number :  the  maximum  being 
reached  in  a  curve  of  90^ 

The  streets  and  roads  along  which  the  South  Staffordshire  fines 
are  Uid  are  exceptionally  difficult  to  equip  with  an  overhead  wii^ 
because  they  are  very  tortuous  and  of  ever-varying  widths.  There 
are  no  fewer  than  four  90**  curves,  one  of  which  is  of  less  ihn 
40  feet  radius,  seven  railway  bridges,  most  of  them  with  steep 
approaches,  and  one  canal  bridge  with  a  hog  back,  to  cross  whicb 
the  cars  have  to  ascend  a  grade  of  i  in  16. 

The  generating-station  of  the  electric  line  is  a  substantia  IwiA 
building  situated  near  to  the  Birmini^ham  Canal  on  ihe  Darlastoo 
and  Walsall  Road.  It  consists  ot  an  engine-room  59  feet  loOi 
and  45  icet  wide,  a  boilei-i)ouse  47  feet  long  and  39  teci  wide,  an 
octagonal  chimney  stack  120  feet  high,  and  the  necessary  detaclied 
oil-storci  and  outbuildings.  From  the  canal,  a  basm  has  been 
cut  alongside  the  boiler-house,  to  permit  of  the  unloading  ol  the 
coal  from  boats  direct  into  the  stokehole,    in  the  boiier-iiousc 
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there  are  three  Lancashire  boilers  constructed  to  work  at  a  pres- 
sure of  120  lbs.  per  squire  inch.  Each  boiler  is  of  steel  through- 
oiit,  30  feet  lon[C  by  7  feet  in  iliameter,  with  internal  Hues  2  feet 
9  inches  in  diameter,  each  ntted  with  five  cross  tubes.  No 
economisers  or  mechanical  stokers  are  provided. 

in  the  engine-room  are  three  compound  horizontal  engines  and 
three  dynamos.   At  100  revolutions  per  minute,  with  a  boiler-pres- 
sure of  120  lbs.  per  square  inch,  each  engine  develops  125  I.H.P. 
The  cylinders,  fitted  with  Corliss  valves,  are  arranged  side  by 
side  with  the  fly-wheel  driving-drum  between  them;  the  high- 
pressure  cylinder  is  10^  inches,  and  the  low-pressure  20  inches 
in  diameter,  with  a  stroke  30  inches.    The  fly-wheel  driving- 
dnims  are  10  feet  in  diameter,  and  are  grooved  for  rope-driving. 
The  dynamos  are  shunt  wound.   They  have  drum  armatures,  and 
at  450  revolutions  per  minute  give  an  output  of  360  amperes  at 
350  volts.    They  are  driven  by  nine  ij-inch- cotton-ropes  led 
direct  from  the  driving-drums  to  a  a-foot  rope-pulley  keyed  on  to 
a  shaft  which  is  coupled  to  the  armature-shaft;  when  so  coupled, 
this  shaft  is  carried  in  three  bearings,  the  rope-pulley  running 
between  two  of  them. 

The  centre  bearing  is  between  the  pulley  and  the  armature,  an 
arrangement  which  permits  of  the  armature  being  taken  out  with- 
out disturbing  the  driving- ropes.  Special  devices  have  been 
attached  to  both  the  engines  and  dynamos  for  continually  lubri- 
cating the  main  bearings  during  the  time  of  running.  Upon  the 
main  switchboard  is  arranged,  for  each  dynamo,  a  voltmeter,  an 
aimnoter,  resistaiK :c-coiL>  and  an  auiuiiiaiic  cut-out  switch,  the 
liiagr.et  of  which  is  so  set  that  when  the  current  exceeds  the  safe 
load  it  automatically  throws  out  the  switch.  The  connections  to 
and  from  these  switches  are  so  arranged  as  to  allow  any  two  or 
all  three  dynamos  to  be  coupled  in  parallel  at  will.  From  the 
omnibus  bar,  at  the  back  of  the  switchboard,  runs  the  lead- 
sheathed  armoured  cable-leeder. 

This  feeder  is  laid  underground  into  the  road,  where  it  is  buried 
near  the  curb  some  15  inches  beneath  the  surlace.  It  extends  in 
the  direction  of  Birchilis,  near  Bloxwich,  a  distance  of  3  miles. 
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m  the  flirection  of  James  Bridge,  a  (juartcr  of  a  mile,  and  frora 
tlie  Pleck  it  branches  off  to  Wood  Green,  Wednesbury,  a  distance 
of  I  \  mile.    The  whole  of  the  current  from  the  dynamos  is  sup- 
plied through  this  feeder,  which  is  tajiped  at  its  extremities,  and 
ia  thirteen  places  along  its  length ;  branch  feeders  being  tai^en 
from  the  main  to  terminals  placed  in  special  boxes  fixed  in  tk 
footpath  at  the  bases  of  poles  situated  at  distances  of  aboot  \ 
mile  apart.    Upon  each  terminal  are  two  slots,  and  oppodte  to 
it,  at  a  distance  of  about  4  inches,  two  other  terminals  are  placed, 
each  having  a  slot.    The  terminals  being  insulated  one  froo 
the  other,  connection  is  made  between  them  by  movable 
fuses.   The  connection  between  the  two  single  terminals  and  the 
trolleywire  overhead  is  made  by  a  flexible  cable  carried  inside  the 
poles* 

The  troUey-wire  (O.  B.  W,  G.)  is  of  hard-drawn  copper.  It  s 
suspended  at  a  height  of  at  feet  above  the  road  from  the  anas  of 
the  poles  by  dips  attached  to  "  ^tna"  insuUtots,  at  varying  dis- 
tances from  the  line  not  exceeding  13  feet  On  the  trollej*wiie 
at  each  of  these  poles,  is  arranged  a  special  device  which  insuhtft 
one  section  of  it  from  the  adjacent  section,  a  separate  feeder  going 
to  each.  This  airangement  allows  of  any  half  mile  of  the  line 
being  worked  or  disconnected  independently  of  the  remainder. 
As  the  tramway  is  partly  double  line  and  pardy  single  line  wiA 
turn-outs,  of  which  there  are  thirty-seven  in  all,  used  mostlv  as 
passing  places  for  the  cars,  it  was  necessary  to  provide,  as  in 
double  line,  two  trolley-wires,  and,  at  the  end  of  each  turnout,  a 
switch  to  j)ermit  of  tiie  trolley-wheel  tliverging  from  the  single  to 
the  double  wire  and  vuc  I'trsii.  It  will  therefore  be  seen  that  as 
the  trolley-wheel  has  double  ilanges,  such  a  switch  must  be 
applicable  to  botli  a  point  and  a  crossing.  The  device  will  be 
understood  l)y  reference  to  Figs.  376,  377. 

When  t!ie  trolley-wheel  is  travelling  along  the  trolley-wire  Aj 
and  is  required  to  reach  the  troUey-wire  A;.,  the  movable  tong^.ie 
I)  when  closed  forms  a  crossing,  as  it  projects  below  the  tongue 
H  and  permits  the  irolley-wlieel  to  pass  under  it  ;  but  should  it  be 
necessary  for  the  trolley -wheel  to  pass  frora  the  troUey-wire  A  to 
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the  trolley-wire  A,,  the  movable  tongue  D  is  pulled  over  to  the 
position  Dj,  opening  the  point  and  allowing  the  trolley  wheel  a 
clear  passage  in  the  desired  direction.  When  the  trolley-wheel  is 
travelling  from  the  wire  A3  to  the  wire  A;,  the  movable  point  D 
being  dosed,  and  projecting  below  the  tongue  B,  permits  the 
trolley-wheel  to  cross  it  and  to  pass  to  the  wire  Ai ;  and  in  the 
case  of  the  trolley-wheel  travelling  from  the  wire  A  to  the  wire  Ai, 
it  passes  along  the  tongue  B  and  opens  the  point  by  pushing  the 
movable  tongue  D  to  the  position  — the  point  being  automatic 
cally  closed  after  the  passage  of  the  trolley-wheel  by  means  of  the 
helical  spring  I.  The  same  device  is  used  at  the  branch  roads 
in  the  various  car  depdts. 

The  poles  form  an  important  part  of  any  overhead  electric 


Fios.  376, 377«  Switch  for  Fdots  and  Crossmes.  Scale, 


installation,  as  they  are  always  present  in  the  streets.  Mr.  Diddn- 
son's  aim  was  to  design  a  type  which  would  possess  a  nuudmum 
amount  of  strength  with  a  minimum  weight,  and  at  the  same  time 
have  a  fairly  presentable  appearance  (Figs.  3 7 3,  379).  They  are 
made  of  mild  rolled  steel  and  are  30  feet  long.  They  are  built 
in  two  sections,  the  lower  one  being  a  parallel  tube,  and  the  upper, 
iS  feel  iii  length,  being  tapered  to  the  top.  They  have  buckled 
steel  base  plates,  2  feet  square,  bolted  to  the  bottom,  and 
are  fixed  upon  concrete  foundations,  the  excavation  for  their 
reception  being  also  filled  in  with  concrete.  They  are  made  in 
three  sizes,  the  smallest  size  being  6  inches  in  diameter  at  the  base, 
tapered  tu  ik  inches  at  the  lop.  These  carry  arms  varying  between 
2 4  feet  and  4^  feet  in  length. 
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For  the  double  line,  where  the  rails  are  at  a  considerable  c& 
tance  firom  the  footpath,  the  poles  are  7  inches  in  diameter  att:? 
foot,  Upered  to  3}  inches  at  the  top,  and  ha%  c  arms  7  flct  to  :d 

feet  in  Jcngth.     Tlic  arras  « 
both  sizes  of  the  poles  upcr 
from  2|  inches  to  li  inch  dia- 
meter at  the  entJ  farthest  froE 
the  pole.    It  was  nccessinrto 
provide  poles  ot  extra  strength 
as  strain-posts  at  the  ends  of 
the  several  lines;  these  arc  li 
Indies  in  diameter  at  the  base, 
tapering  to  5  inches  at  the  top^ 
and  are  of  A-inch  steeL  TImt 
have  attached  to  them  two 
cast-iron  grid  frames,  3  fee! 
by  4  feet,  one  at  the  base  and 
the  other  5  feet  higher  15), 
and  the  intervening  space  b 
filled  with  cx>ncrete,  whidi 
forms,  with  the  pole,  a  solid 
block.    This  type  of  pole  b 
also  fixed  in  positions  ongin- 
ally  occupied  by  lanapHroltimns 
at  the  junction  ol  the  n^tn 
roads,  and  has  been  fitted  with 
larop.fittings  m  substitution  of 
those  removed. 
Sixteen  cars  have  been  built, 
each  constructed  to  cany  forty  passengers,  eighteen  inside  and 
twenty-two  outside,  and  weighing,  when  unloaded,  6  tons  13  c^x 
Their  principal  dimensions  are : — 

Ft.  lat. 

22  0 

H  3 
5  9 
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i 


FlOS.  378,  ^79.     Poc  for  Ovcrljead 
Wire.  Scale,  ^. 


Length,  includin^,'^  platforms 
of  body,  outside  . 
Breadth  of  body,  including  mouldings 


inside 


5 
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Breadth  over  roof  

l-t. 
5 

Height  inside,  from  the  top  of  the  floor  to  the 

6 

6 

3 

6 

Wheel  base  

6 

0 

Distance  bt  twcen  spring-centres       .       .  . 

10 

0 

2 

9 

Figs.  380, 381.   Motori  ia  Elevation  and  Flan.  Scale,  lAr* 


The  body  is  strongly  made  and  has  a  bottom  frame  of  channel- 
bar  iron.  It  is  distinct  from  the  motor  truck,  and  is  carried 
upon  it  by  eight  springs.  The  wheels  are  fitted  with  two  sets  of 
brakes,  one  to  apply  od  the  inside  of  the  wheels,  and  tlie  other 
on  the  outside.  They  are  worked  separately  by  band-wheels 
from  the  platforms  at  the  ends  of  the  cars.  The  cars  are  fitted 
with  Nicholson  automatic  couplings  at  each  end,  and  four  diy 
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sand-boxes,  two  at  each  eod.  These  abo  are  worked  from  either 
platform. 

Each  car  is  fitted  with  and  driven  by  two  series-wound  single- 
reduction  motors  (  Figs.  380,  381).  The  gearing  is  of  the  double 
helical  type,  in  the  ratio  of  four  to  one.  Each  axle  has  an  inde- 
pendent motor,  one  end  being  on  the  axle  by  two  bcaiings  and 
the  other  by  a  sj)ring.  There  is  also  at  the  latter  end  a  spring 
on  the  top  of  the  motor,  so  that  at  this  point  it  is  between  springs, 
the  bottom  one  supporting  it  and  the  top  one  permitting  vertical 
inovement.  By  this  method,  not  only  is  the  pitch-line  of  the 
gearing  maintained,  but  the  shock  to  the  gearing  at  starting  and 
stopping  is  considerably  reduced,  and  the  vibration  of  the  motor 
when  running  is  minimized.  The  armatures  are  drum  wound* 
Ordinary  arc-lamp  carbons  \  inch  in  diameter  are  used  for  brushes, 
laid  lengthwise  along  the  commutator.  The  magnets  are  bi-pdar 
with  four  limbs. 

The  cars  are  fitted  with  switches  in  duplicate,  one  set  on  each 
platform«  They  consist  of  reversing,  driving  and  motor-8witche& 
Those  last  mentioned  enable  the  driver  to  use  either  motor  at 
will,  or  both  in  parallel.  The  varying  resistance  of  the  rheostat 
in  the  motor-circuit  is  controlled  by  the  driving-switch  at  the 
will  of  the  driver.  As  a  precaution,  and  to  prevent  injury  to  the 
motors  by  careless  driving  or  from  other  causes,  safety-fuses  are 
placed  in  the  motor-circuit.  A  lightning-arrester  is  placed  in  the 
circuit  between  the  trolley-wire  and  the  driving-switch. 

Each  car  is  fitted  with  a  collector,  termed  a  trolley  "  (shown  in 
Fig.  3S2),  a  peculiar  feature  of  Mr.  Dickinson's  system.  In  the 
American  system,  it  is  necessary,  in  addition  to  the  troUey-wire 
following  the  exact  curvature  of  the  track,  for  it  to  maintain, 
within  a  few  inches,  a  constant  lateral  relation  thereto.  In  Mr. 
Dickinson's  system  this  is  not  necessary,  and  the  trolley-wire  may 
run  in  straight  lines  and  at  ever- varying  distances  laterally  irom 
the  track,  not  exceeding,  wilh  the  LioJlcy-mast  in  use  at  present, 
26  feet. 

The  lun(  tion  of  the  "  trolley"  is,  tlierefore,  to  form  a  continual 
bridge  across  the  varying  horizontal  and  vertical  space  between 
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the  trolley-wire  and  the  car  as  it  passes  along  the  line.  To 
effect  this  the  apparatus  must  have  a  vertical  and  horizontal 
radial  movement,  and  this  is  ac- 
complished by  placing  upon  the 

roof  of  the  car  a  fixed  socket  into 

which  is  fitted  a  spindle  (see  Figs. 

383,  384).    On  the  upper  end  of 

this  is  formed  a  jaw  to  receive  the 

base  of  the  trolley-mast.  The 

spindle  has  a  free  revolving  move- 
ment In  the  socket,  the  mast  is 

hinged  at  the  top  of  the  spindle, 

and  there  has  a  radial  vertical 

moyement  controlled  by  springs 

attached  to  the  base  of  the  "  trol- 
ley "  at  a  suitable  position  on  the 

vertical  spindle.  On  the  end  of 

the  mast  is  formed  another  socket, 

into  which  is  fitted  a  trolley  wheel 

earner,  Figs.  385,  386,  which  has 

a  spindle  at  its  lower  extremity 

fitting  into  the  socket.  When 

working,  the  trolley-wheel  runs  on 
the  under  side  of  the  trolley-wire, 
and  the  vertical  pressure  to  main- 
tain contact  is  given  by  the 
springs  q\\  the  heel  of  the  trolley- 
mast.  These  springs  arc  arranged 
so  as  to  allow  a  maximum  move- 
ment at  the  trolley-wheel  end  01 
the  mast  with  a  minimum  exten- 
sion of  the  springs. 

The  trolley-mast  being  attached 
to  the  radiating  spindle,  describes  a  circle  with  a  radius  of  its 
own  length.  The  trolley-wheel  carrier  also  having  a  free  revolving 
movement  in  its  socket  on  the  end  of  the  trolley-mast,  the  troUey- 


FlO.  382.    Diigram  showing  Trol- 
ley and  Car.  Scale, 
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wheel  will,  so  long  as  the  wire  is  within  the  radius  swept  by  the 
trolley-mast,  accommodate  itself  to  and  nm  parallel  to  the  trolley- 
wire;  the  troUey-mast  will  accommodate  itself  to  the  varying 
distances  of  the  wire  from  the  tramway  to  any  position  within  its 
reach.  This  will  be  better  understood  by  a  reference  to 
387,  which  shows  diagramatically  how  the  trolley  can  accommo- 
date itself  to  the  various  positions. 


Figs.  383,  384.  Details  of  Trolley-pole  and  Standard.  Scales  A. 


By  this  simple  device,  the  objections  entertained  by  the  Wal- 
sall Municipal  Authorities  to  die  American  system  have  been 
overcome,  as  the  use  of  span-wires,  pull-over  wires,  and  other 
objectionable  features  of  that  system  are  thereby  laigely  removed. 

The  whole  of  the  work  was  carried  out  by  the  Electric  Con- 
struction Corporation  as  contractors,  to  the  Author's  entire  satis- 
£u:tion. 
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The  electric  system  of  lines  was  opened  for  traffic  on  the  xst 
JaBuaiy»  1893.  From  that  date  to  the  38th  February,  1894,  the 
cars  have  run  310,115  miles  and  have  carried  1,920,185  pas- 
sengers. From  the  ist  Janaaiy,  1893,  to  the  31st  December, 
inclusive,  the  cars  ran  262,692  miles,  and  carried  1,668,057 
passengers,  the  local  anthorities,  the  public,  and  the  directors  of 


The  line  is  worked  by  the  Electric  Construction  Corporation 
under  a  contract  with  the  Tramways  Companv,  and  in  dealing 
with  the  working  cost  for  purposes  of  comparison,  only  those 
charges  where  a  direct  comparison  can  be  made  will  be  dealt  with, 
viz.,  all  those  for  naming  and  maintcnanrc  mifiu^  traffic  charges 
and  maintenance  of  permanent  way.  The  folUnvmo^  stnrcmcut 
shows  the  cost  of  working  several  systems  of  tramway  lines  m 


FiGS.  385,  386.    Details  of  Tiolley.    Scale,  ^. 


the  tramway  company  alike  being  completely  satisfied  with  the 
results. 


1893  :— 
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Comparative  Statement  of  Cost  per  Cak-milk  for  Ruhning 

ANU  Repairs,  1893. 
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The  average  cost  for  fuel  on  the  foor  lines  worked  by  steam  is 
2*ood.»  electric  accumulator  I'yCcl.,  cable  o*6od.,  and  overhead 
electric  traction  o*48d.  per  car>mile  run. 

Hitherto  (Mr.  Dickinson  remarks)  it  has  been  most  difficult  to 
obtain  a  direct  comparison  between  electric  traction  and  any 

♦  The  Items  referring  to  steam  traction  include  repairs  of  eveiy 
di'scription  ;  those  to  electric  accumulator  traction  include  stationan' 
engines  and  boilers,  dynamos,  motors,  baiteries,  switches  und  all 
repairs  pertaining  to  an  electric  installation  ;  to  cable  traction- 
stationary  engines  and  boilers,  cable,  pulleys  in  road,  cars  and  ail 
repairs  incidental  thereto ;  to  overhead  electric  traction — stationaiy 
engines  and  boilers,  dynamos,  motors,  poles,  feeder,  overhead  wire, 
cars  and  all  other  repairs  in  connection  with  an  electric  system. 

t  This  item  includes  an  amount  taken  from  depreciation  fund. 
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Other  sysiein  ;  but  such  now  is  not  the  case,  any  laie  o  lar  as 
the  South  Staffordshire  h'ne  is  concerned,  because  the  electric  cars 
arc  running  upon  lines  previously  worked  by  steam. 

When  designing  the  system,  Mr.  Dickinson  was  in  doubt  as  to 
the  amount  of  steam-engine  power  to  provide  in  the  generaiing- 
station  per  car  on  the  lines,  and  how  to  arrange  its  subdivision,  as 


Fig.  387.   Plan  of  Car,  showint^  v  frious  posidoat  of  Trolley-pole. 


the  number  of  cars  upon  the  line  at  different  times  would  vary 
considerably.  However^  he  ultimately  decided  to  split  the  power 
into  three  elements,  so  as  to  be  able  to  reduce  it  to  suit  the 
number  of  cars  running  upon  the  line  at  any  given  time.  He  was 
prepared,  from  his  experience  in  the  workim;  of  die  cable-Hne  in 
Uirmingham,  for  a  considerable  variali  j:i  in  the  load  ;  but  he 
certainly  never  aulicipated  tliat  its  range  would  be  so  great  in  so 
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short  a  time  as  he  has  found  to  be  the  case.  With  sixteen  cars  on 
the  line,  the  outjnit  lias  been  found  to  vary  as  much  as  233  K.H.P. 
in  the  space  of  live  seconds,  and  with  eleven  cars  upon  the  road 
as  much  as  202  E.H.P.,  in  the  same  period. 

Taking  into  account  even  the  extraordinary  fluctuations  caused 
during  holiday  times,  the  cost  per  car-mile  for  fuel  is  below  that 
of  cable-traction ;  and  in  this  comparison  it  b  well  to  bear  in 
mind  that  the  power  on  the  cable  route  is  distributed  over  onljr 
three  miles  of  route  with  double  the  number  of  cars  running,  as 
against  eight  miles  of  route  on  the  electrical  section. 

Mr*  Dickinson  states  that  he  has  had  a  motor  that  bad  been 
running  for  fourteen  months  taken  from  a  car  and  tested  mth  a 
"  Prony  brake/'  when  its  mechanical  efficiency  was  found  to  be 
78  per  cent — a  most  satisfactory  result  At  the  same  time  he 
tested  the  torque  of  the  armature  with  a  current  of  48  amperes 
taken  from  the  trolley-wire  under  normal  conditions,  and  found 
this  would  raise  a  weight  of  141  lbs.  at  the  end  of  a  lever  7  ft 
long.  This  is  equal  to  a  torsional  force  of  I1693  lbs.  weight  on 
the  armature.  Testing  with  a  dynamometer  the  amount  of  pull 
to  be  obtained  on  the  drawbar,  with  all  the  resistance  cut  out  and 
both  motors  in  circuit,  he  found  it  was  i  ton  7  cwt.  He  then 
tested  a  Wilkinson  engine  at  a  boiler-pressure  of  X50  lbs.,  with 
cylinders  7I  in.  diameter  geared  i|  to  x,  and  this  gave  exactly  the 
same  pull. 

Alter  running  for  fourteen  months,  it  is  satisfactory  to  find  that 
it  is  scarcely  possible  to  measure  the  wear  and  tear  upon  the 
trolley- wire. 
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CHAPTER  IX, 


THE  NEVERSINK  MOUNTAIN  ELECTRIC 

RAILROAD, 

Tins  road,  which  was  constructed  in  1890,  is  of  special  interest 
as  the  pioneer  electric  railway  worked  by  turbines.^' 

Neversink  mountain,  with  its  electric  railroad,  lies  to  the  east 
of  the  city  of  Reading,  in  Berks  county,  Pennsylvania.  In  the 
accompanying  illustration  (Fig.  388}  not  only  Neversink  mountam 
and  its  railroad,  but  the  contiguous  railroad  lines,  are  shown. 
The  Neversink  line,  encircling  the  mountain,  rises  by  varying 
grades  from  the  streets  of  Reading  up  the  foot  slopes,  and  thence 
along  the  mountain  sides  to  the  summit 

The  route  usually  taken  by  the  cars  is  from  Ninth  and  Penn 
Streets  to  the  White  House  (Fig.  388),  thence  by  the  mountain 
loop  over  the  summit  down  to  Klapperthal  Park  and  the  terminal, 
a  distance  of  6  99  miles.  On  the  return  the  cars  go  over  the 
same  route  as  far  as  the  Upper  Junction,  thence  down  the  Short 
line,  to  the  main  line,  at  the  Lower  Junction,  past  the  White 
House  and  down  to  Ninth  and  Penn  Streets,  a  distance  of  4*07 

*  See  Ttei  of  ihe  Neversink  Mountain  MUctric  Roady  by 
Hermann  S.  Hering  and  William  S.  Aldrich,  of  Johns-Hopkins 
University,  U.S.A..  from  which  publication  the  particulars  and  illus^ 
trations  given  in  this  chapter  are  taken. 
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miles,  making  the  total  length  of  the  round  trip  11*06  miles.  Ta 
schedule  time  of  the  round  trip  is  about  one  hour  and  2omioatc, 


including  all  stops,  though  it  can  be  made  in  one  hour  without 
difficulty. 
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Figs.  389,  390  (Plate  X.),  show  a  plan,  elevation,  and  right- 
tiide  view  of  the  turbine  plant  (details  of  the  transmission 
machinery  will  be  given  presently) ;  and  Fig.  391  (Plate  XI.) 
the  arrangement  of  the  wiring. 

During  the  summer  of  1891  the  usual  s(;hc(]ulc  for  week-flays 
required  a  car  to  leave  the  terminus  every  half-hour,  necessitating 
three  cars  pn  the  road,  and  for  Sundays  every  20  minutes,  requir- 
ing four  cars  (or  preferably  five)  for  heavy  travel.  The  schedule 
£Uid  route  are  so  arranged  that  about  half  the  cnrs  are  going  up- 
g;rade  while  the  others  are  going  down-grade.  This  arrangemeDt 
makes  a  very  economical  distribution  of  power  along  the  road, 
preventing,  as  far  as  possible^  excessively  laige  currents,  such  as 
'Would  be  required  if  all  the  cars  were  on  the  up-grade  at  the  same 
time.  The  speed  of  the  cars  over  the  mountain  is  from  9  to  15 
miles  per  hour. 

The  cars  make  from  eight  to  ten  trips  a  day  usual  running 
time,  averaging  from  88  to  11 1  miles  per  car  per  day.  The  seat- 
ing capacity  of  each  car  is  44  passengers,  but  in  heavy  travel  they 
have  carried  as  many  as  170  passengers  per  car.  During  six  weeks, 

in  the  summer  of  189 1,  40,000  passengers  were  carried,  reaching 
a  maximum  oi  3,000  ])cr  Uay  wiih  live  cars  on  ilic  ro.i  1  at  one 
time.  The  company  expected,  with  its  enlarged  e(|ii!|)inent,  to 
carry  250,000  passengers  over  the  road  during  tiie  summer 
months  of  1892. 

Owing  to  tiie  uncertain  limit  of  the  probable  maximum  load  in 
electric  traction  work,  it  is  necessary  to  operate  the  turbines  as 
prime  movers  at  a  point  much  below  their  known  capacity  at  full 
gate,  because  of  their  inability  to  develop  any  greater  power  than 
that  represented  at  full  gate  and  normal  speed.  This  is  an  anal- 
ogous case  to  that  of  the  series  motor.  Steam-engines,  on  the  con- 
trary, as  prime  movers  in  electric  traction  work,  are  capable  of 
far  exceeding  their  known  rated  capacity  to  meet  the  large  and 
sudden  loads  which  are  on  only  for  a  short  time,  by  reason  of  the 
possibilities  bound  up  in  the  expansive  workmg  of  the  steam, 
especially  in  the  multiple-cylinder  type. 

The  incompressible  nature  of  the  working  fluid  employed  in 
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turbines  as  prime  movers  prevents  their  exceeding  the  output,  as 
determined  by  the  dimensions  of  the  machine,  while  the  elastic 
nature  of  the  working  fluid  In  steam-engines  enables  them  to  «- 
ceed  their  rated  dimensional  capacity  for  extraordinary  demands. 
Consequently,  for  electric  traction  work,  turbines  must  be  operated 
considerably  below  their  maximum  capacity,  or  at  part  gate  during 
the  average  maximum  loads  of  the  day,  so  that  they  will  be 
able  to  meet  the  extraordinary  loads  that  will  be  sure  to  arise  at 
unexpected  times.  As  it  will  be  necessaiy  for  coostmctittg 
engineers  to  select  turbines  that  will  be  efficient  at  part  gate,  and 
particularly  at  the  ordinary  maximum  of  half  gate,  it  becomes  the 
aim  of  turbine  builders  to  design  wheels  for  traction  purposes  (o 
meet  these  particular  requirements. 

Subjoined  are  particulars  of  the  power  employed 

Wat£&  Supply. 

Flume,  diameter  in  feet  lo 

Nominal  head  of  water,  in  feet  

H£RcuL&s  Turbines. 

Diam  c  i  er,  in  inch  es  45 

Effective  area  of  guide  opening,  square  inches  .  .  .623 
Rated  speed,  revolutions  per  minute      .      .      .  .  uo 

Commercial  ra  j  ed  Performance,  Full  Gate. 

Rated  discharge  of  each  turbine,  cubic  feet  per  minute  .  .8,833 
Rated  efficiency,  full  gate  and  rated  speed,  in  per  cent.  .  So 
Rated  horse-power,  at  this  efficiency,  each  turbine       .       .  240 

Actual  Perforuance  at  Full  Gate.* 

Actual  discharge,  each  turbine,  cubic  feet  per  minute   .       .  $,588 
Actual  efficiency,  110  revolutions,  in  per  cent.      .      .      •  8o7 
Maximum  dynamometric  horse^power,  each  turbine      «      .  aio 

*  The  data  rdatiag  to  the  actual  peifcinnaiice  of  the  turbines  were  obtained 
from  the  results  of  the  test  of  the  Hercules  turbitte  made  by  the  Holyoke 
Water  Power  Company,  and  kindly  fiumshed  to  Messrs.  Heitng  and  AU£><^ 
by  that  company. 


Digitized  by  GoogLc: 


To  face  page  644. 


Digitized  by  Gopgle 


Digitized  by  Google 


NEVERSINK  MOUNTAIN  ELECTRIC  RAILROAD.  645 


ACTUAL  Performance,  about  Half  Gate. 

^dean  position  of  speed  gate,  being  the  proportional  part  of 

the  full  opening  of  the  speed  gate,  in  per  cent.  .  .  53»j 
Actual  discharge  at  critical  speed  for  this  gate,  cubic  feet  per 

minute  Si  528 

Efficiency,  critical  speed  100,  in  per  cent      ,      ,      ,  •   ,  75*37 

efficiency,  rated  speed  of  no   74*4 

A^ctual  dynamometrtc  horse*power  of  each  turbine  at  the 

critical  speed  of  100  revolutions  per  minute              .      ,  IJ^'S 
Actual  dynamometric  horse-power  of  each  turbine  at  the 

jated  speed  of  1 10  revolutions  per  minute   ....  128*5 

The  jackshaft,  over  the  turbines,  is  driven  from  the  vertical 
turbine  shaft,  through  bevel  gear,  and  drives  the  countershaft 
through  the  main  belt.  Each  dynamo  pulley  is  belted  to  the 
friction  clutch  pulley  on  the  countershaft. 

The  essential  details  of  transmission  machinery  are  shown  in 
the  following  tables : — 


Geaked  and  Belted  Connections. 

Number  of  teeth  on  mortised  crown  gear,  vertical  shaft 
Number  of  teeth  on  jack  gear,  horizontal  shaft  . 
Diameter  of  main  driving  pulley,  in  inches 
Diameter  of  main  driving  pulley,  on  countershaft 
Diameter  of  driving  pulleys  (friction  clutch) 
Diameter  of  pulleys  of  dynamos 
Main  driving  belt,  extra  double,  width  in  inches 
Dynamo  belts,  double,  in  inches 
Length  of  main  driving  belt,  in  feet  . 


49 

31 
108 

66 
60 
26 
45 
15 
«3 


Rated  Speeds. 

Turbine  shaft  (vertical),  revolutions  per  minute  . 
Jackshaft  over  turbines      .      .      .      .  . 

Countershaft  

Dynamos   .  . 

Speed  of  main  driving  belt,  feet  per  minute 
Speed  of  dynamo  belts  


110 

m 

286 

650 

4,950 
4,300 
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Distances  between  Shaft  Centre  Lines. 

Between  the  vertical  shafts  of  the  turbines,  in  feet    .       •       .  i6'5 

Between  the  jackshaft  nnd  countershaft     .       .       .  . 

Between  the  countershaft  and  dynamos     .       .       .       .       .   20  , 


The  transmission  of  the  turbine  power  through  the  mortis 
crown  and  jack  c^ear  leads  to  a  loss.  On  the  other  hand,  the 
two  belted  connections  to  an  intermediate  countershaft  result 
in  the  usual  loss  of  power  experienced  in  stations  driven  by  steam- 
en  ^iius.  These  losses  are  grouped  as  transmission  machiDCij 
friction  in  the  summary  of  the  test. 

The  additional  loss  through  bevel  gearing  is  inherent  in  this 
noelhod  of  transmitting  the  power  from  the  prime  mover  shaft  to 
the  main  driving  shaft.  The  efficiency  of  the  transmission  raa> 
chinery,  however,  is  the  same  as  in  steam-engine  plants,  when 
the  turbine  shaft  (like  the  crankshaft)  is  the  main  driving  one. 
Similarly,  the  driving  of  the  dynamos  by  one  belt  from  the  turbine 
shaft  is  but  an  intermediate  step  for  driving  them  directly  coupledy 
as  has  been  projected  at  the  Niagara  plant,  which  is^  of  course^ 
the  most  efficient  method. 

As  at  present  equipped,  there  are  two  Edison  compcnmd- 
wound  loo-kilowatt  railway  generators.  Each  dynamo  has  com- 
plete switchboard  connections,  field  resistances,  ammeters,  fuses, 
and  switches,  and  either  or  both  may  be  connected  with  the 
line  circuit,  and  be  driven  by  either  or  both  turbines.  Lightning 
arresters  are  carefully  placed  in  each  feeder  circuit. 

The  results  of  the  test  show  that  large  variable  loads  on  the 
line  cause  great  speed  variations  in  the  ttirbines,  as  here  governed 
and  coupled,  resulting  in  considerable  drop  in  the  voltage  at  one 
time  and  considerable  rise  at  another.  Even  with  the  best 
method  of  governing  turbines  now  in  use  these  voltage  variations 
will  be  great — indicating  that  the  dynamos  for  such  plants  should 
be  very  much  over  compounded. 

From  Ninth  and  Penn  Streets  to  the  city  limits  the  line  con- 
struction is  of  the  ordinary  overhead  type,  with  wooden  side  poles 
and  span  wires.   From  thiii  point  over  the  mountain  the  construe- 
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tion  is  of  the  side-bracket  type,  with  plain  undressed  woodon  poles 
and  iroD  pipe  bracketg.  The  poles  are  placed  100  feet  apart,  bm 
tiiis  is  often  varied  on  acconnt  of  the  great  variations  In  the  curva^ 
tnve  of  the  road  at  nmny  points,  frequently  necessitating  puU-ofis 
mnd  anchor  guys. 

The  ground  return  within  the  city  limits  is  made  by  connecting 
the  double^bonded  flat  rails  to  a  No.  4  B.  &  S.  copper  wire  im- 
bedded between  the  rails.  On  the  mountain  the  T-iatls  are 
dooble>bonded  throughout  and  cross-connected  at  two  points,  as 
i£hown  in  tiie  wiring  diagram,  Fig.  391  (Plate  XL).  These  crosS' 
connections  are  made  with  No.  4  and  No.  00  B.  &  S.  wire.  The 
same  two  sizes  of  grounds  are  used  from  a  point  on  the  line  near 
the  pavilion  to  the  power-houbc,  while  a  third  ground,  No.  000 
B.  &  S.,  leads  from  a  point  near  the  car-house  to  the  power-house, 
where  these  grounds  are  connected  to  the  dynamo. 

Four  feeders  are  run  from  the  power-house :  a  No.  000  B.  &  S. 
to  the  ^Vliite  House;  a  No.  00  R.  &  S.  to  the  Highland  House  ; 
a  No.  000  B.  &.  S.  to  a  point  near  Heiner*s  Springs  on  the  north 
side  of  the  mountain  ;  and  a  No.  i  B.  &  S.  to  a  point  near  No.  13 
turnout.  Mains  of  Nos.  4,  i,  0,  and  000  B.  &  S.  are  run  along 
the  entire  route,  except  from  the  Highland  House  to  the  No.  8 
turnout,  in  which  the  No.  00  feeder  is  used  for  both  purposes. 
The  general  distribution  of  the  mains  and  feeders,  and  their  respec- 
tive sizes,  are  shown  in  the  wiring  diagram,  Fig.  391. 

The  line  resistance  was  determined  at  various  points  by  taking 
shttultaneous  readings  at  the  power*house  and  on  the  car,  and 
making  the  computations  from  the  current  and  drop  of  potential 
thus  obtained. 

Mean  resistance  over  entire  line,  in  ohms  0*48 

Maximum  resistance  on  the  line,     „  0*84 

Minimum        „        „   0*30 

Mean  drop  of  vdtage,  per  cent,  (about)  6*0 

Maximum  drop  of  voltage,  per  cent,  (normal  current)  .  lo's 
Minimum  „  „  •  •  3*9 
Mean  line  efficiency,  per  cent,  (about)  94*0 

The  track  construction  over  the  mountain  is  of  the  railroad 
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type,  with  56-pound  steel  T-r.iils,  set  to  standard  gauge  of  4  feet 
8^  inches,  with  standard  tie  system  of  26-inch  spacing,  but  within 
the  city  limits  ordinary  flat  tram-rails  are  used.  The  road  is 
ballasted  with  two  feet  of  crushed  stone,  and  has  withstood  the 
most  severe  storms,  with  no  wash-outs. 
Road  data  are  given  as  follows : — 

Track. 

Feet.  Macs. 

Length  of  road,  including  short  line                 .  41,116  7787 

Lenj^th  of  straight  track  {41-5  percent  of  total)     .    17,066  3*231 

Longest  stretch  of  straight  track      ....     2,000  o'379 

Average  length  of  straight  portions  of  track  .      .       304*7  0-05S 

CURVBS. 

Eight  35  to  40  degree  curves,  mean  length  «  278  feet. 

Two  40  degree  curves  on  a  5  per  cent,  grade. 
The  longest  is  a  35  degree  curve,  3*5  per  cent,  grade, 

length  525  .« 

Ten  20  to  30  degree  curves,  mean  length  ....  377 
The  longest  is  a  25  degree  curve,  near  Highland 

House,  length  654 

Forty-six  10  to  20  degree  curves,  mean  length  .      .      .  251 
The  longest  is  a  20  degree  curve,  3*64  per  cent  grade, 

length  690 

The  steepest  is  a  20  degree  curve,  6'4  per  cent  grade, 

length  25>  ». 

iiighteenoto  10  degree  curves,  mean  length  .       .       .     378  „ 
The  longest  is  a  i  degree  40  minute  curve,  3*94  per 

cent,  grade,  length  I»<M7  »» 

The  steepest  is  an  8  degree  curve,  4  per  cent,  grade, 

length  460  „ 

The  average  curvature  (excluding  straight  track)  of  82 
curves  I7'35dfig* 

Gradls. 

Sixteen  grades,  varying  from  i  to  6-4  per  cent.  Feet.  Mile^ 

The  shortest  grade  is  a  1*00  per  cent.     .  .    400  0*07 

The  longest  grade  is  the  3*64  per  cent.    .  .  x  1 ,575  2*19 

The  steepest  grade  is  the  6*4  per  cent.    .  .    925  o*x8 

Mean  ascending  grade,  round  trip,  374  per  cent. 

Total  length  of  ascending  grades     ,      .  ,27,805  5'26 

Total  car-lift,  round  trip  1,040*1 
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Mean  descending  grade,  round  trip,  3-45  per  cent.  Fet- 
Total  length  of  descending  grades   •      .  .30,170 
Total  car-drop,  round  trip        ....  1,040*1 
Mean  ^^rade,  Ninth  and  Penn  to  Klapperthal,  via 

Short  Line,  371  per  cent. 
Mean  grade  Ninth  and  Penn  to  Klapperthal,  vid 

Neversink  Mountain  Hotel,  3*475  per  cent. 
Mean  grade  of  the  entire  road,  3*53  per  cent. 

The  following  table  gives  the  speed  of  regular  passenger  cars  on 

the  usual  round  trip : — 


Ninth  and  Penn  to  Klapperthal  (over 

the  mountain)  

Klapperthal  to  Ninth  and  Penn  (r/V/ 
Short  Line)  

Round  trip*  Ninth  and  Penn  and  re- 
turn   


Inclndiog  Stops. 


Excluding  Stops. 


9-8 

1 

10.9 

8-1  1 
1 

10 

875 

10*5 

Running  Time. 


Ninth  and  Penn  to  Klapperthal  (over 

the  mountain)  \     42}  min.         38^  mia. 

Klapperthal  to  Ninth  and  Fenn  {via 

Short  Line)  30^  min.    ^     24^  min. 

Stop  at  Klapperthal    ....       4  min.  | 

Round  trip»  Ninth  and  Fenn  and  re- 
turn  j  I  hr.  17  min. ,  i  hr.  3  min. 


Stops  for  few  passeng^ers,  require  from  |  to  ^  minute. 
Stops  at  regular  stations,  require  from  \  to  ij  minutes. 
Stops  due  to  connections  injunctions  arc  about  4  minutes. 
Stops  at  Klapperthal  terminal  are  about  4  minutes. 


In  the  subjoined  Table  is  given  a  suramaiy  of  power  distribution 
and  efficiencies,  made  with  special  test  car  No.  4,  on  the  two  prin« 
clpal  grades,  3*64  per  cent,  and  3*94  per  cent.,  no  other  car  being 
on  the  road  at  that  time.  The  mean  speed  on  the  grades  is 
exclusive  of  stops.  Weight  of  car  alone,  32,000  pounds;  with 
load  during  test,  22,500  pounds. 
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a*«f  percaaC 

1  M^pVMtj 

Tim  «ad  ifaM  lataml  <w  gndft. 

>  to 

Jte^ 

^    i>  I 

i 

CoodittoB*. 

Steadj 

.  Mean. 

1  Stead] 

1 

Sp<?<rd  of  turfaitM  ibaft  

Gate  opemnc.  No.  I  torbinc  

„         N«>i  taiMne  (fixed  gAU:) 
Spe«d4ifcar,au1«tperboar  

••• 

•  ••            • •  • 

aae 

07  "O 

o8'>; 
jar6 

X7'4 
I  I'j  t 

1  3»o 
1  174 

1  35'» 

1 

Hydraulic  H,I'.  .li  ln,  rn!  to  turbiacs 
Turhitio  H  1'.  (Icliv.  rt-d  to  traaminioB 

H.P.  tl<  liver«'il  to  dynamo   , 

E.H.I'.  li.-iiM  rcil  to  line        ...  ,,. 
Ji'tJ'     delivered  to  car  noton 
lI.P.ddi««radatcuru]«   

•«  > 

aiacbfnerT 

«*•          * • . 

•** 

»*a 

ICO'O 

93-* 
460 

i«7'o 
887 

5r«s 

45*9 

43't 
31 '92 

1 188> 
0'  4 

SS« 
47-6 
44-9 

337 

iA|  J 

1  5''» 

<^  J 

! 

^  , ,    , .         Pow«K  Loar. 

Torbiae  Miction  H.P  

Traat.  macbloeiy  friction  H. P. 

Dynamo  losses     

Lino  io»s««  

Car  motor*  Kearins  aad  aale  U»m«  ... 

• 

«•« 
*k* 

»«• 

96  8 

37*1 
7-6 

'I  "5 

98J 
35"S5 

x*8 

iriS 

06-8 
36-3 
7-5 
a-« 

1  IX'l 

irji 

Total  Ios«.    H\<!raulic  H.P.  tocar 
H.P.  .i\  .lil.iluc  .it  car  axle  ... 

aaleH.P. 
...  ... 

i55"5 

«SVo8 

J* 

IS45 

11*7 

33  7 

i«*J 
3'7»_ 

Total  Hy.]r.iui;<  11. 1'.  delivered 

•••  ... 

I90'o 

187-0  1 

iM-s 

184'*  1 

Pmt.i-oKuojiAi.  Parts  of  FuLt  Load. 
Hydraulic  load,  per  cent,  of  full  hydraulic  H.P.... 
1  urbme  loa.l.  per  ceat.  of  foil  turbiBA  H.P. 
nynamo  lo.id,  per  ceat  oFfalt  draaoio  oetput  ... 
Motor  load,  per  cent.  ofiiiU  motor  oa^vt  

36*2 

jo'a 

357  1 
6^*8  1 



35  1 
li-t  i 

35-5  , 

7.5  ! 

...  1 

33-3 

6r7  ! 

_             Pbrcknt.\ok  Distribution. 
Tnrbiae  friction,  per  cent,  loss 

Trans,  macliincjy  frictioa   

Dynamo  ,  

Line  

Car  root .»r.  gearing  and  axle  losses 
Available  power  at  car  asla  

•••  ... 
.«•  ... 
... 

•••  ..I 
... 
... 

•509 

;«95 
'18* 

•5t6| 
•187  1 

'om  1 

•06  j  1 

•171 1 

•SMi 
•I'M 

•014 
•059 
•1-9 

1 

•?.■>■ 

•015 
1057' 

Total  hydfaalic  power   

... 

I'OOO 

I'OOO  1 

I  "000 

.       .Si  MMARv  or  BvncnMaKs. 

EScioncy  of  No,  i  tarbino   

„         No.  1  turhino   

„         coupK-d  turbines  

„         trans,  machinery...   

"                 '  'Ivii.in.n  ...   

,,          line  ni.  in,  jor  givfn  f^rade   

'     '"  ''  rs,  from  terminals  to  car  axle 
itficicncy  from  dynamn  tcrmin.Tls  to  car  ax'o 
,*          Hy.ir.iiiiir  II  I',  to  line  H  P. 

Hydraulic  H.P.  to  car  a«leH.P.... 

58-7 
33-»  1 
49*1 
6o*» 

94  8 

75  0 

71'2 

li-a 

57'4  1 
32'9  1 
474  1 

59  9  1 

w*j  1 

940  1 
74'  1 
697  1 
'45  1 

58-0 

34-0 
4»-5 
60-3 
86*4 
94'» 
75'» 
70'8 

253 
»7» 

5S-S  1 

! 

i67  ' 
75-'  ,' 

i 
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CHAPTER  I. 

OIL  MOTOR. 

The  ConneUy  oil  motor  has  been  at  work  on  the  Greenwich 
and  the  Croydon  Tramways  since  the  beginning  of  1893.  "  The 
engine,  which  is  fixed  in  a  small  car,  has  a  pair  of  overhead 
€7Hnder8  driving  a  crank-shaft,  and  is  capable  of  developing 
la-horse  power  on  the  brake.  The  mineral  oil  is  stored  in  a 
cylindrical  tank  placed  within  another  cylinder  and  carried  above 
the  engine.  The  engine-cylinders  are  kept  cool  by  means  of 
water-jackets,  and  tiie  water  used  for  this  purpose  is  pumped  up 
to  the  oil  tank  and  circulates  around  it  in  the  annular  space 
between  it  and  tlie  outer  cylinder.  OnHeaving  the  jackets  of  the 
engine-cylinders  the  temperature  of  the  water  is  about  1 10  deg. 
Fahrenheit,  and  this  is  sufficient  to  heat  up  the  oil  to  a  point  at 
which  it  gives  off  the  vapour  utilised  in  driving  the  engine.  After 
having  imparted  heat  to  the  oil,  the  water  flows  down  to  a  nest  of 
tubes  placed  under  the  car  and  exposed  to  the  atmosphere.  In 
flowing  through  the  tubes  the  water  becomes  cooled  down  suffi- 
ciently to  be  used  for  cooling  the  engine  cylindersi  to  which  it  is 
pumped  up.  The  water,  in  fact,  is  kept  in  constant  circulation, 
first  cooling  the  engine  cylinders^  then  warming  the  oil,  and 
afterwards  being  cooled  down  for  use  over  and  over  again.  The 
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ignition  of  the  charge  of  gas  in  the  engine-cylinder  is  effected  by 
electricity,  there  being  a  small  dynamo  in  the  car  in  which  the 
engine  is  mounted.  This  dynamo  is  driven  by  a  strap  from  the 
engine,  and  the  current  is  stored  in  an  accumulator  used  for 
ignitmg  the  charge,  as  well  as  for  lighting  the  car  at  night  The 
gearing,  by  means  of  which  this  locomotive  is  driven  and  the  speed 
regulated,  is  very  ingenious.  As  the  speed  of  a  gas-engine  cannot 
be  varied  like  that  of  a  steam-engine,  it  has  to  be  run  at  a  nearly 
uniform  rate,  the  speed  being  controlled  by  the  transmitting  gear- 
ing. This  consists  of  an  iron  disc,  30  inches  in  diameter,  which  is 
mounted  vertically  on  the  end  of  the  crank-shaft.  On  a  vertical 
shaft  set  parallel  with  the  disc  is  a  friction*pulley,  la  inches  in 
diameter,  and  capable  of  being  moved  up  and  down  on  the  shaft. 
When,  however,  it  is  revolved  by  fsontact  with  the  disc,  the  shaft 
on  which  it  is  mounted  revolves  with  it  and  transmits  motion 
through  gearing  to  the  driving  wheels.  The  pulley  can  be  moved 
up  and  down  its  shaft,  farther  from  or  nearer  to  the  shaft,  at  the 
will  of  the  driver.  At  starting  the  pulley  is  brought  into  contact 
with  the  disc  near  its  centre,  which  gives  a  slow  motion  with  great 
power.  For  increasing  the  speed  the  pulley  is  moved  up  its  shaft, 
ai:  i  consci  juciuly  approaches  the  edge  of  the  disc,  by  which  :i;e.-t.5 
it  is  revolved  mure  rapidly.  When  it  is  desired  to  slacken 
or  to  stop  the  car,  the  Iriction-pulley,  still  in  contact  with  the  disc, 
is  moved  down  to  near  the  centre,  at  wiiich  point  it  can  be 
shghtly  removed  from  the  face  of  the  disc.  As  the  engine  cannot 
be  reversed,  clutch  gearing  is  employed,  and  is  placed  under  the 
car,  and  at  the  end  of  each  journey  it  is  set  to  drive  the  locomotive 
forwards  or  in  the  opposite  direction  as  may  be  rc<|uired.  In  this 
engine  the  products  of  combustion  pass  away  noiselessly  and  with- 
out smell,  neither  is  there  any  escape  of  the  vapour  of  the  oil, 
the  consumption  of  which  is  very  low.  From  a  return  of  seven 
days*  working — 14  hours  a  day — it  appears  that  350  trips  were 
made,  covering  507*85  miles,  and  carrying  4,182  passengers,  with 
a  total  consumption  of  70  gallons  of  oil.  On  recently  making  a 
few  runs  with  this  engine  we  found  it  to  work  roost  satisfactorily, 
taking  gradients  and  sharp  curves  well,  maintaining  the  Board  of 
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Trade  regulation  speed  of  eight  miles  an  hour  easily,  and  being 
evidently  capable  of  a  far  higher  speed."  * 

Professor  W.  C.  Unwin  reports  that  the  Connelly  oil  motor, 
running  daily  on  the  Croydon  Tramway,  takes  an  ordinary  tramcar 
for  forty  passengers  over  the  line,  having  gradients  of  i  in  20,  at  an 
average  speed,  including  stoppages,  of  4*65  miles  per  hour.  The 
car  is  completely  under  control,  and  starts  and  stops  on  gradients 
without  difficulty  or  shock. 

Mr.  John  S.  Comrie  reports  the  result  of  one  week's  test^trials 
at  Croydon,  in  December,  1893,  "during  which  the  motor 
travelled  29 15  car-miles,  carried  1,465  passengers,  and  consumed 
48^  gallons  of  oil,  the  lime  on  duty  being  d^'^iG  houra,  and  the 
rate  of  speed  4  49  miles  per  hour,  the  speed  being  regulated  by  the 
horse  traffic.  If  required,  the  motor  can  be  geared  to  run  16  miles 
an  hour. 

**  The  small  number  of  miles  run  and  the  passengers  carried  in 
a  week  arises  from  the  motor  only  having  been  on  duly  in  the 
afternoons  and  evenings  to  suit  the  requirements  of  the  Croydon 
Tramways  Company. 

"The  route  was  from  Poplar  Walk  to  the  Thornton  Heath 
terminus  of  the  Croydon  Tramwa3rs,  a  portion  of  the  line  afford- 
ing a  very  varied  and  severe  test,  as,  in  addition  to  loops  or 
passbg  places  inseparable  from  a  single  line,  there  are  several 
considerable  curves  and  gradients,  the  most  severe  being  one  of 
5  per  cent*  The  motor,  with  car  and  load,  accomplished  these 
satisfactorily,  on  one  occasion  ascending  the  greatest  gradient 
with  a  car  weighing  over  2^  tons  and  containing  46  passengers^ 
and  at  all  times  was  under  perfect  control  as  regards  shunting^ 
starting  and  stopping,  the  last  two  operations  being  performed  in 
15  seconds,  without  shock  to  passengers. 

With  regard  to  the  special  feature  of  the  motor  which  disdn- 
guishes  it  from  all  those  hitherto  suggested,  the  gear  transmitting 
the  power  of  the  engine  to  the  wheels  works  excellently,  is 
extremely  ingenious,  and  perfectly  solves  ihe  luiherto  impossible 
problem  of  adjusting  the  invaiiablc  speed  of  a  gas  or  oil  engine 

•  Th€  Tim€s^  March  20th,  1893. 
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to  the  varying  speed  requisite  in  a  tramcaTy  and  gives  amultaneoiB^ 
the  maximum  of  power  and  the  minimum  of  speed  essential  to  die 
tatiifiictoiy  start 

''The  consumption  of  oil  is  *i66  gallon  per  mile,  or  '747  gaOm 
per  hour,  and  placed  in  a  locked  reservoir  under  my  supervision, 
and  the  route  being  personally  measured,  and  the  hours  of  dnty. 
My  investigation  proves  the  capacity  of  the  motor  to  perform  the 
ordinary  daily  tramway  duty  of  73  miles  per  day  without  having 
to  re-enter  the  depdt  to  be  re-charged  with  oil^  as  its  reservoir  is 
capable  of  containing  not  less  than  14  gallons. 

"The  above  results  having  been  obtained  on  a  single  line, 
aliuwmg  only  of  a  spccil  of  less  than  4^  nulc  i  la  hour^  it  may  be 
fairly  deduced  ihat  those  attaui^Li  uii  a  ^iouLic  Unc,  where  a  b{)e«d 
of  6  uiilcs  aa  hour  wjulil  be  practicable,  bhouiti  be  conbiderably 
better.  The  wear  of  the  face-plate  abutting  on  transDiissioii  gear 
was  so  slight  as  to  be  scarcely  appreciable." 
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COMPRESSED  GAS  MOTOR. 

A  MOTOR,  driven  by  compressed  coal-gas,  has  lately  been 
introduced  by  the  Traction  Syndicate,  Limited,  as  an  economical 
means  of  tram-car  propulsion.  A  public  trial  of  the  motor  on  the 
line  of  the  Croydon  and  Thornton  Heath  Tramways  Company  is 
reported  in  the  public  press,  the  car  and  its  motor  being  now,  as  a 
result  of  the  trial,  in  regular  work  on  the  line  refeired  to.* 

The  motor  is  placed  under  the  tram-car  together  with  three 
cylindrical  gas-holders.  The  machinery  occupies  the  space  under 
one  of  the  seats  of  the  car,  whilst  one  of  the  gas-holders  is  carried 
under  the  opposite  seat,  the  other  two  holders  being  placed  trans- 
versely under  ihc  cai  haimn-.  Tlx  iliicc  reservoirs  will  hold  a 
sufficient  supply  of  gas  to  serve  for  an  eight-mile  run. 

The  car  is  described  as  "not  noticeably  difterent  from  a  horse- 
car;  it  runs  (juietly  and  easily,  emitting  neither  smoke  nor  steam, 
and  is  quite  under  control.  Inside  passengers  can  hear  a  slight 
rumble  of  machinery,  and  perceive  i  trifling  vibration,  but  practi- 
cally there  is  nothing  to  detract  from  their  comfort.  Neither  they 
nor  bystanders  in  the  street  can  perceive  any  machinery  whatever, 
for  the  engine  and  gearing  are  entirely  enclosed,  the  motor  lying 
under  one  seat,  and  the  wheels  and  clutches  under  the  floor  of 
the  car." 

The  oar  is  about  i8  feet  long,  and,  with  the  machinexy,  weighs 
5i  tons.  It  is  driven  from  either  end,  there  being  a  starting  and 
stopping  lever  and  a  hand-brake  on  each  platform.   The  motor, 

♦  Fur  reports  of  the  trial,  see  Times  of  20th  June,  1893,  and 
Engineering  of  S2nd  June,  1 893. 
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which  is  of  the  Otto  type,  and  is  specially  constructed  for  tramway 
work,  has  a  slow  and  a  quick  speed,  although  the  latter  cannot 
exceed  the  maximum  of  ci  miles  allowed  by  the  Board  of 
Trade.  The  ignition  of  the  charge  in  the  motor  cylinders  is 
effected  by  electricity,  and  the  cylinders  exhaust  into  a  condenser, 
SO  that  it  is  cleansed,  no  smell  arises,  and  no  public  nuisance  is 
created  by  the  escape  of  the  products  of  combustion  into  tbe 
atmosphere. 

The  driver  stands  on  the  end  platform,  with  the  usual  btake 
handle  beside  him,  and  in  front  of  him  a  lever  which  operates  the 
clutches  controlling  the  gearing.  With  the  lever  vertical  the 
engine  is  out  of  engagement  with  the  axles ;  when  the  lever  is 
placed  to  one  side  or  the  other,  the  slow  or  the  fast  gear  is  in 
engagement. 

Tbe  motor  has  two  cylinders,  placed  face  to  &ce  at  opposite 
sides  of  the  crank-shaft,  and  both  driving  on  to  one  crank.  At 
one  end  of  the  shaft,  that  nearest  the  side  of  the  car,  is  a  fly- 
wheel, and  at  the  other  end  a  pinion,  gearing  into  a  wheel  on 
the  first  motion  shaft  which  lies  under  the  floor  of  the  car. 
On  this  shaft  are  two  pinions,  either  of  which  can  be  made  to 
drive  a  second  motion  ^aft,  the  large  pinion  giving  a  speed  of 
eight  miles  an  hour  to  the  car,  and  the  small  pinion  half  that 
speed. 

Each  of  these  pinions  is  furnished  with  a  friction  clutch,  con- 
sisting of  two  discs  witli  a  ring  of  beeclnvood  between  them.  One 
disc  is  set  towards  the  oiher  by  means  of  bell  crunl.:-  .uul  spring 
toggle  arms  pivoted  to  a  sliiiing  collar,  tiie  aiiaugenient  being 
such  that  when  the  clutch  is  in  engagement  the  pressure  of  the 
arms  is  about  at  right  angles  to  the  shaft,  and  there  is  no  end 
thrust  on  the  sliding  collar.  The  second  motion  shaft  is  geared 
to  the  axles  by  pitch  chains.  For  driving  in  the  0|'i;u:5ite  direc- 
tion, the  rotation  of  the  first  motion  shaft  is  reversed  by  means  of 
intermediate  wheels  and  claw  ckitchcs. 

Ahhough  with  gas-driven  car  the  engine  must  not  be  stopped  ^Pt 
routCy  but  must  run  coti-tanlly,  whatever  the  car  ^nay  do,  it  is  suscep- 
tible of  a  certain  amount  of  regulation.  When  the  work  is  light,  the 
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governor  cuts  off  the  gas  supply  to  one  cylinder  entirely,  the  other 
doing  all  the  work.  Tlie  governor  ii  loaded  by  a  spring  on  the 
spindle,  and  also  by  weights  on  an  external  lever,  and  these 
weights  can  be  lifted  by  the  same  handle  that  operates  the 
clutches.  By  this  means  the  speed  of  the  engine  is  reduced  by 
some  50  per  cent,  when  the  car  is  standing,  and,  further,  the  gas 
admission  is  delayed  tiU  half<$troke,  with  the  result  that  the  explo- 
sion is  rendered  much  more  gentle,  and  less  likely  to  give  rise  to 
vibration. 

The  charging-station  b  at  the  depdtof  the  Croydon  and  Thorn* 
ton  Heath  Tramways  Company,  at  Thornton  Heath,  where  an 
8-horse  power  Otto  gas  engine  drives  a  compressor.  By  this  latter  the 
gas,  which  is  taken  froiu  ii.c  gas  company's  luuins,  is  pumped  into 
a  steel  cylindrical  receiver  25  feet  in  length  and  4  feet  in  diameter^ 
at  a  nnal  pressure  of  ten  atmospheres  as  a  maximum,  or  150  lbs. 
per  square  inch.    This  plant  is  equal  to  the  supply  of  five  tram- 
cars,  the  number  which  it  is  intended  to  i)lace  on  the  line  for  the 
present.    Five  more  are  to  be  added  in  due  course,  when  another 
compressor  and  receiver  will  be  put  down  and  will  be  driven  by 
the  present  engine,  which  is  of  sufficient  power  for  the  purpose. 
From  the  receiver  a  pipe  is  laid  down  to  the  tram-car  charging- 
pointy  the  cylinders  on  the  car  being  charged  in  the  same  way  as- 
those  of  railway  carriages  are  chaiged  with  gas  for  lighting  purposes. 
The  pressure  in  the  tramcar  cylinders  is  about  eight  atmos^ 
pheres,  or  130  lbs.  per  square  inch,  at  starling. 

It  carries  aS  passengers  in  all,  and  makes  a  very  fair  speed,  the 
limit  allowed  by  the  Board  of  Trade  being  8  miles  per  hour.  With 
the  slow  gear  it  will  readily  mount  an  incline  near  Thornton  Heath 
station  of  i  in  33,  with  a  short  piece  of  t  in  16,  and  in  coming 
down  it  can  be  stopped  by  the  brakes  in  its  own  length.  It  alsa 
goes  round  a  curve  of  35  feet  radius  on  a  i  in  37  grade*  Its 
weight,  filled  with  passengers,  is  5^  tons.  The  first  cost  of  the 
car,  with  its  motor,  it  is  stated,  is  not  greatly  different  from  that 
of  a  horrsc  car  wuli  its  11  horses.  For  gas  it  costs  id.  [)cr  mile, 
against  3^51!.  per  mile  for  fodder  and  bedding  for  horses.  So  that 
it  starts  with  an  advantage  of  2^d.  per  mile. 

V  M 
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NUMMARY  REMARKS  ON  MECHAISflCAL  MOTORS, 

Mechanical  motors  in  considerable  vaiiety  have,  in  addition  to 
horses,  been  pr.ssed  in  review compressed-air  locomotives,  steam 
locomotives,  fireless  locomotives,  cables,  electric  locomotives.  In 
addition  to  these  may  be  noted  oil  motors,  and  compressed  gas 
motors,  of  recent  introduction.  The  practice  of  the  BinaioghaiD 
Central  Tramways,  on  which  Our  systems  of  traction  have  been 
in  work  for  some  years,  affords  a  means  of  making  direct  com- 
parisons under  like  general  conditions  of  gradients,  &c*  The 
receipts  and  expenses,  shown,  page  85,  averaged,  for  the  three 
years  ending  June  30, 1891,  1S92,  and  1893,  as  follows 


I  Feme.  iVncc. 

Steam    .       ,       .       .    "  15'^/  II  "41 

Hor^e    .       .      .       .    '  II  "05  9-80 

Cable    ,      .      .      .   ,  I2'57  6-2» 

Electric.      .      .      .   |  15-09  13*95 


Here  the  cable  system  of  traciiun  is  conspicuou;>ly  the  lowest 
in  working  cost :  6*38  pence  per  mile,  followed  by  9*89  pence  for 
horse^power,  11-41  pence  for  steam-power,  and  13-95  pence  for 
electric  j^ower  by  the  accumulator,  which  is  more  than  twice  the 
cost  for  cable-power. 

Carefully  prepared  comparative  estimates  have  been  drawn  np 
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by  Mr.  C  B.  Fairchild,'^  showing  the  capital  and  working  costs 
of  cable  roads  and  electric  roads.   The  estimates  are  for  three 

miles  of  double-track,  with  the  power  station  near  the  centre  of 
t;ic  Iiiic,  Trains  coribiating  of  a  motor  car  in  one  case  ar.il  a  grip 
car  111  the  other,  with  a  trailer,  run  on  a  four-minute  hcadwav, 
requiring  15  trains.  This,  of  course,  gives  the  same  car  mileage 
as  30  single  cars  on  a  two-minute  headway  would  run.  The 
average  speeil  calculated  on  j's  about  6  miles  an  hour,  the  maxi- 
mum being  8,  and  the  cars  run  19 J  hours  a  day.  Summajies  of 
the  estimates  are  as  follows : — 

Electric— Road  Cost. 


T>ol1.ir5. 

Road  bed  163,822  So 

Special  street  construction  1,811*50 

Overhead  constraction  16,361*40 

Special  overhead  constractiott    ....  418*00 

Power-house  and  plant  I34»750*00 

Rolling'  stock  and  equipment      ....  74,625*00 

Car  bam  and  repair  shops  40,000-00 

Au.xiliary  appliances  .....  ii,650'00 
iing^ineering,  legal,  and  miscellaneous,  at  ^?5,ooo 

per  mile  15,000' 00 


Total  for  three  miles  douhle  track  .  455*43870 

Caule.—Road  Cost. 

Dollan. 

Power-house  and  plant  102,000 

General  street  construction  ....  304,396 
Special  street  coustruclion        ....  28,500 

Rolling  stock  33.000 

Car  barn  and  repair  shops         ....  37.500 

Auxiliary  appliances   6,050 

Engineering,  legal,  and  miscellaneous,  at  {4,000 

per  mile  12,000 


Total  for  three  iiules  double  track   .  5<23«446 

Putting  the  figures  into  British  money  roughly,  it  will  be  seen 
that  the  electric  road  is  estimated  to  cost  ;^9i,oSS,  against 

*  See  Str^t  Raiiutays  .*  tJuir  Construetumt  Operation^  and  iUaintmance, 
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for  the  cable.   This  is  ;£3o,363  per  mile  dollU^ 
track  for  the  former,  and  ;f  34,896  for  the  latter. 

The  cost  of  constructing  a  longer  electric  line  would  be  is 
direct  proportion  to  the  number  of  miles,  and  the  costibrpoftr 
plant  will  increase  according  to  the  number  of  cars,  but  tbe  a£ 
of  real  estate,  power  and  car  houses,  will  remain  the  same  fori 
considerable  increase  of  mileage  or  traffic.  Similarly,  for  tlie 
cable,  the  cost  of  street  constraction  would  be  in  proportkm  to 
the  length  of  the  line,  but  one  power-liouhc,  if  properly  locaied, 
and  one  main  \ault,  will  answer  for  a  six-mile  line.  Under  (awnr- 
able  conditions  one  station  wnl  serve  lor  operating  luili-a-dozenof 
more  lines,  rtsides  that,  the  cost  of  additional  cable  cars inc 
engine-power  would  be  a  mere  trifle  compared  to  that  of  tie 
additional  clcriric  cars,  dynamos,  and  engine-power. 

Mr.  Fairchild's  e.stimates  of  the  working  costs  per  dayfors^ 
electric  line  and  a  cable  line,  constructed  according  to  ibc 
going  estimates,  are  as  follows  ; — 

Electric  Road.— Workikg  Cost  per  Day. 

Dob. 

Twelve  tons  of  coal  at  92'5o  y 

"Water,  oil,  and  grease  for  engines,  gcnerator>,  cars, 

and  motors  w 

Depreciation  of  plant  and  rolling  stock  .     •  3^ 

Sixty'Six  motor-men  and  conductors  at  IM  •  ' 
Engineers,  firemen,  and  dynamo  tenders  .  • 

Car-bouse  service,  inclusive  of  cleaning,  inspection,  &'c.  » 

Power  and  car-house  expenses  ^ 

Track  service         .....        .       .      ,  i 

Repairs  to  fn,L;incs,  generators,  line  machinery,  electric- 

power  cquipmem,  and  miscellaneous       .       .  • 
Repairs  lo  cars,  trucks,  and  motors       .       ,      .     .  7< 
Repairs  to  track,  overhead  construction,  and  buildiogs  47 
Track  cleaning,  train  and  shop  expenses  .     .  14 

Injury  to  persons  and  property     .      .  .     .  10 

Legal,  secret  service,  and  insurance    «      .      .     .  ^ 
Licences  and  taxes       ...       .       ...  7 

General  and  miscellaneous  expeni>ei>    .  .     .  3^ 

Total  4:^ 
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Cable  Road.— Working  Cost  per  Day. 

l>oU. 

Five  and  a-halftoas  coal  at  93*50       •      •      •  - 

Water,  oil,  and  gtease   3^ 

Depredation  of  rope   35 

Sixty-six  grip-men  and  conductors  at  $3                  .  132 

Power  and  car-house  service   28 

Track  service        ........  8 

Repairs  to  engines  and  lim.'  machioery         ...  2 

Repairs  to 'grips  and  cars   7 

Repairs  to  track  and  buildings      ....  6 

House,  track,  and  cable  expenses       ....  6 

Injury  to  persons  and  property   4 

Licences  and  taxes   7 

General  and  miscellaneous  expenses    .                 •  ^3 

Total      .      .      .      *      .  275 


Tlie  items  are  carefully  stated  in  the  same  form  where  that  is 
possible,  and  the  different  class  of  work  renders  it  irapo.ssibic  in 
others.    The  great  economy  in  the  matters  of  coal  vind  repairs 
with  the  cable  system  is  readily  noticeable.    With  a  maximum 
speed  of  8  miles  an  hour  (the  average  being  about  6)  for  19^ 
hours  per  day,  each  train  would  make  1 10  miles  per  day,  and  1 5 
trains  would  make  1*650  train-miles,  or  3,300  car-miles.  The 
total  operating  expenses  would  therefore  be  14*5  cents  per  car- 
mile  for  the  electric,  and  rather  over  8*3  cents  for  the  cable. 
The  point  is  that  the  cable  is  fully  3d.  per  car-mile  cheaper  to 
work  on  a  two-minute  (car)  headway  than  the  electric  road. 
This  on  the  mileage  gives  a  saving  of  over  ^41  per  day,  or 
;f  13,911  per  year,  exclusive  of  Sundays.   At  5  per  cent  interest 
that  represents  a  capital  of     58,2  30.   It  can  thus  be  readily 
seen  that  in  the  long  run  the  cable  is  much  cheaper  than  the 
electric  system  for  heavy  work.    In  estimating  the  operating 
expenses  of  cable  tramways,  it  has  to  be  remembered  that  about 
one-half  the  cost  remains  unchanged  by  any  alteration  in  the 
amount  of  the  traffic,  while  the  other  half  varies  as  the  traffic 
varies.    With  electricity,  on  the  other  hand,  about  one-third  of 
the  cost  remains  con^LinL  uy  a  iiiuiied  increase  or  decrease  in  the 
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traffic,  while  the  other  two-thirds  varies  as  the  traffic  varies. 
Hence,  again,  let  us  have  electricity  for  light  traffic,  and  cable  for 
the  severe  work. 

The  variations  of  working  cost,  for  materials  and  wages  for 
repairs  only,  are  exemplined  in  the  following  instances,  in  which 
general  chaiges  are  not  included : — 

Pence 
pcrauicb 

Bessbrook  and  Newiy  Tramway  :-~Wages»  mainte- 
nance and  repair,  stores  3*94 

City  and  South  London  Railway  : — Working  and  re- 
pairs, generator  station,  4'59»  locomotive  service, 
2*31  690 

Blackpool  Electric  i  ramw.iy  :  —  Repairs,  tutai  wages, 

excluding  general  charges,  coal,  and  stocea       .  5*34 

Birmingham  Central  Tramways :— Electric  haulage, 

5*15,  machineiy,  '29  5*44 

It  is  to  be  noted  that  the  rails  of  the  South  London  and  City 
line  are  not  grooved,  and  that  their  resistance  is  much  less  than 
that  of  grooved  rails,  as  already  shown  by  results  of  trials. 
Nevertheless,  the  cost  for  the  South  London  line  is  the  highest  in 
the  group.   But  the  speed  is  also  the  highest. 

Further  comparative  evidence  is  wanted. 


I 
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POmrS  AND  CROSSINGS. 

The  most  usual  combinations  of  points  and  crossings,  whereby 
the  rolling  stock  may  be  shifted  from  one  line  of  rails  to  another, 
are  shown  diagrammatically  in  Plate  XI L  (Figs.  39a  to  408). 

Fig.  393  shows  a  passing-place  on  a  single  line;  Fig.  393,  a 
**  triangle  "  junction  of  single  lines ;  Fig.  394,  a  single  cross-over 
road ;  and  Fig.  3951  a  double  cross-over  road. 

Points  are  of  three  types : — Open,  when  both  points  of  a  pair 
are  open ;  fixed,  when  one  point  is  fixed,  and  the  other  moveable ; 
moveable,  when  both  points  of  a  pair  are  moveable. 

Open  points  are  known  also  as  dumb  or  dummy  points.  A 
broken  section  of  the  open  point — box  section — is  shown  in  Fig. 
396.  The  upper  purt  is  chilled,  or  hart.!cncd.  The  dull  usually 
penetrates  to  a  depth  of  fruiii  A  meii  to  ^  inch  in  depth.  Open 
points  are  employed  for  running-out  or  trailing  points,  or  as  facing 
points  on  horbe-woiked  lines,  where  alternative  routes  diverge,  the 
car  l)eing  pulled  over  by  the  horses  to  tlie  desired  line. 

Fixed  points  are  required  for  automatically  compelling  entering 
cars  to  take  one  and  the  same  direction.  It  is  usual  to  till  up  ilie 
right-hand  groove  of  the  right-hand  point  at  its  entrance,  thus 
forcing  the  entering  car  to  take  the  left-hand  load. 

The  moveable  chilled  tongue  points  (Figs.  397,  398)  are  em- 
ployed principally  where  the  cars  are  to  take  alternative  routes. 
A  tongue  may  be  automatically  held  over  to  one  hand  by  means 
of  a  spring.  The  pair  of  points  are  suited  for  girder  rails,  with' 
fish-plates  fused  in  the  ends,  in  the  proper  positions  for  being 
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bolted  up  to  the  rails.  But  the  outside  fish-plate  of  each  pair,  at 
one  or  at  each  end,  may  be  left  loose. 

Crossings  are  made  to  any  required  angle.   The  usual  angle 

for  passing-places,  sidings,  and  cross>over  roads  is  i  in  5  or  i  in  6. 
Sharper  angles,  up  to  i  in  9,  are  sometimes  taken  ;  and  larger 
angles  down  to  i  in  2\.  Onlinary  crussin:;s  are  shown  in  Figs. 
399  and  400,  They  are  suilablc  for  cro^s  over  roads,  jj.iiiing 
places,  branches,  and  sidings.  The  first  of  these  shows  end  chairs 
to  receive  the  channel  raiL  In  the  second,  fish-plates  are  fused  lq 
the  ends,  to  connect  to  the  girder  rail.  The  outside  lish-piate  of 
<each  pair  at  one  or  both  ends  nmy  be  loose. 

Chilled  cast  iron,  as  just  descnoed,  is  i^eneral'.y  used  as  the 
material  of  points  and  crossings.    It  is  the  liardest  of  materials. 

Cast  steel  annealed  is  extensively  used  on  steam  tramways. 
Though  less  hard  than  chilled  cast  iron,  it  is  tougher. 

In  built  up  points,  made  from  the  rolled  Bessemer  steel  rail,  the 
Steel  is  generally  uniform  in  temper,  and  harder  than  annealed 
cast  steel.  Mr.  James  More*  considers  rail  steel  to  be  more 
durable  than  annealed  cast  steel,  or  chilled  cast  iron.  An  example 
of  built-up  points,  made  from  7-inch  girder  roils,  is  shown  in  Figs. 
401,  403,  403.  Cross-sections  of  these  points  are  shown  in  Figs. 
404, 405. 

A  moveable  point,  made  from  the  rail,  is  shown  in  plan  and 
elevation  in  Figs.  406,  407. 

A  built-up  crossing  Is  shown  in  Fig.  408,  made  from  the  lails 
used  on  the  line.  The  running-through  rail  should  be  tom  10 
to  13  feet  long,  and  the  crossing  rail  from  8  to  10  feet  long,  in 
order  to  break  joint 

*  See  a  paper  on  "  Tramway  Permanent  Way,"  by  Jarnes  More, 
Jun.,  in  the  Minutes  of  Proceedings  0/  the  Institution  0/  Ovit 
Engineer  St  vol.  ciii.,  1890-91. 
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bobed  op  to  the  nils.  Bot  the  ootsdt  titpii^ 
ooe  or  It  each  end,  nu;  be  left  kMK 

Crossings  are  nude  to  aojiqand  ugie.  Titt 
h:  juuing-pLices,  sidiiigs,  and  amimvAt\^ 
Shirper  2ngies,op  to  i  is  9,iie  Koeiaalib.' 
aagles  dovn  to  i  in  2\.  Ot&mj  donisi Ki 
J99  and  400.  Tbrjr  are  suHHe  fcr  c«w«i 
puces,  brarcbej.  and  sidiap.  ThefiBtrfteA 
(0  receire  the  dunnei  rail  Intie«a)od,i*pi«* 
ibe  ends,  toconoeatothcgitdefna  TUf**' 
«ch  pair  at  ooe  Of  both  endi  Bay  be  loot 

Chilled  cast  iron,  as  jost  desaibed,  is  |ae^ ' 
luatemJ  of  points  and  ao««s.  It  i«il« 

Qsi  steel  anneakdiial«Wr««^»f" 
Bouch  less  lunl  «l>«*iW«tito«.i»^ 

In  bu.lt  up  points, nudeftnotte  row  B«*^^^ 
steel  .sgcneralljanifcon  in  teaper^l^^^^^ 

cust  steel  «^ 
,a„I,Iethananne^^castMorchdW(^^^^ 

orbudt.upf.«ts.o.de^r«n^Jai^^^ 
401.  40:.  403.  Cross.sect.o«flftb»l«« 

^^•'"•°-*  n«de  from  the  nil, 

A  roovcaWc  pome,  «««^ 

elevation  in  Figs.  M  407-  . 

„  ,:.'eet  long,  and  th«  oossDg  ri« 
ora-r  to  break  joinL 


Digitized  by  Google 


APPENDIX  A. 


PARLIAMKNTARY  AND  OFFICIAL 
REGULATIONS. 


TAGS 

I,  The  Tramways  Act,  1870   667—072 

II.  BoAKD  OF  Trmji:  Ki  l£s   673—693 

III.  Forms  of  Bvelaws  axd  Regulations  issued  by  the 

BoAKii  OF  Trade:— 

(i)  For  a  Local  Authority   694, 

(ii;  ¥oK  A  Company   696—698 

(iii)  With  KESlKt  TO  THE  USE  OF  STEAM  FOWER  699— 7OI 

(iv)  With  kbspect  to  Electric  Traction  .     .  702 — 707 

IV.  PARUAUEMTARY  EicACTMENTS   as  to   SCOTLAIfD  AND 

Ireland   708^709 

V.  terms  of  Purchase  op  Tramways  by  Local  Authori- 
ties (Judgment  op  the  House  op  Lords)  .     .     .  71c— 727 


Uigmzed  by  Google 


PARLIAMENTARY  AND  OFFICIAL 

REGULATIONS. 


L— The  Tramways  Act,  1870. 

This  statute,  33  3  ^  Vict.  c.  7^,  the  full  title  of  which  is  '-An  Act 
lu  facilitate  the  construction  and  to  regulate  the  working  of  Tram- 
ways " — ^is  the  principal  eaactment  dealing  with  tramways  in  Great 
Britain.  The  Act  does  not  extend  to  Ireland  (s.  2).  Previous  to 
the  passing  of  the  Act,  the  decisions  of  the  Examiner  and  of  the 
Standing  Committee  of  the  House  of  Lords  on  the  Liverpool  Tramway 
Bill  of  1 866  had  rendered  it  necessary  for  promoters  of  tramways  to 
deposit  plans  and  sections  of  their  proposed  undertakings. 

Part  I.  of  the  Act  deals  with  Provisional  Orders  authorising  Qj^jj^"^^ 
the  construction  of  tramways,  and  provides  (s.  4)  that  the  Local 
Authority  (see/i>j/,  p.  073)  of  any  district  may  obtain  such  Ordeis  for 
tramways  in  their  cUstrict ;  and  the  like  power  is  given  to  any  other 
person  or  persons^  corporation  or  company,  with  the  consent  of  the 
Board  of  Trade  and  the  Local  Authority,  but  not  otherwise.  Any  such 
Local  Authority,  person,  persons,  corporation,  or  company  obtaining 
such  Provisional  Order,  are  to  l>e  deemed  promoters  of  the  tramway 
(s.  4)  • 

Upon  application  for  a  Provisional  Order  beinj^  made  to  the  Board 
of  Trade,  the  Board  are  to  consider  the  application,  and  may,  if  they 
ihmk.  lit,  diiccL  laquiiics  as  to  the  propriety  of  proceeding  upon  such 

♦  Tramways  Orders  Confiraiaixon  Acts. — Provitional  Orders  m;:de 
by  the  Board  of  Trade  under  the  authority  of  the  Tramways  Act,  1870,  to 
acquire  final  validity  and  force,  must  be  confirmed  hy  special  Acts  tf 
Parliament.  These  are  distinguished  as  Tramways  Oiders  Coofinnatiou 
Act«,"  by  which  the  Orden  set  out  la  the  Schedules  to  the  Acts  respecuteJy 
are  confirmed. 
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appHcation,  and  thcv  are  to  consider  any  objection  thereto  that  niay  be 
lodged  wiih  tlu-m,  and  lo  dttermine  whether  or  not  the  promoters 
may  proceed  with  the  application  (r.. 

[Ai  pp.  673— 693,/<7j/,  will  be  found  the  full  text  of  the  Rules  issued 
bjr  the  Board  of  Trade  with  respect  to  Provisional  Orders.] 

Where  it  appears  to  the  Board  of  Trade  expedient,  they  may  make 
a  Ptovisional  Order,  which  Order  shall  empower  the  promoters  ta 
make  the  tramway  upon  the  gauge  and  in  the  manner  thcreoi 
described,  and  shall  contain  such  provisions  as  (subject  to  the  require* 
men's  of  the  Act)  the  Boaid  uf  Trade,  according  to  the  nature  of  the 
applicaiion  and  the  facts  and  circun\stanccs  of  each  case,  shall 
think  fit ;  but  such  Drdcr  is  not  to  contain  any  provision  for  acquiring 
lands,  except  to  an  extent  liiercin  limited,  and  only  liicn  by  agree- 
ment, or  to  construct  a  tramway  elsewhere  than  along  or  across  a  rood, 
or  upon  land  taken  by  agreement  (s.  8). 

Tramways  shall  be  constructed  as  near  as  may  be  in  the  middle  ot 
the  road,  and  shall  not  be  so  laid  that,  for  a  distance  of  30  feet  or 
upwards,  a  less  surf.ice  than  9  feet  6  inches  shall  inter\'ene  between 
the  outside  of  the  footpaths  on  cither  side  of  the  road,  and  the  nearest 
r.ill  of  the  tramway,  if  one-third  of  the  owners  or  one-tliird  of  the 
occupiers  of  ilie  houses,  shops,  or  warehouses  abutting  ii])on  the  part 
of  the  road  where  such  less  space  shall  intervene,  as  aforesaid,  express 
their  dissent  from  any  tramway  being  so  laid  (s.  9]. 

The  nature  of  the  traflSc  on  the  tramway,  and  the  tolls  to  be  taken, 
arc  to  be  specified  in  the  Provisional  Order  (s.  lo). 

The  Provisional  Order  is  not  to  he  granted  until  the  ptomoiets 
deposit  in  a  bank  as  there  prescribed,  a  sum  oi  not  less  than  4  per 
cent,  upon  the  estimated  expense,  or  security  of  equal  value  is 
deposited  (s.  12). 

Tlie  ri  ovisional  Order  is  not  to  have  any  operation,  until  conrmned. 
with  or  without  amendment,  by  an  Act  of  Parhanient,  and  ii  li  lu  b< 
open  to  parties  to  petition  ujjaiiisl  the  /111  ana  to  appear  and  oppose 
the  BUI  in  Committee  (s.  14). 

The  Board  of  Trade,  on  the  application  of  the  promoters,  may 
revoke,  amend,  extend,  or  vary  such  Provisional  Order  by  a  further 
Provisional  Order,  but  the  application  for  every  such  Provisional 
Order  will  be  subject  to  the  same  conditions  as  the  former  Provisional 
Order,  and  will  require  confirmation  by  an  Act  of  Parliament  (?.  16). 

If  the  promoters  do  not  complete  the  tramway  and  open  it  for 
public  traffic  with:n  tuoycar?.  (jf  tlie  date  of  tlie  Order,  or  wilhin  any 
shorter  period  prestiibed  in  the  Order  ;  or  if,  within  one  year  fiwn 
either  of  those  times,  the  works  are  not  substantially  commenced,  or, 
if  commenced,  are  suspended  without  a  reason  sufficient  intheopinioD 
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of  the  Board  of  Trade,  the  powers  given  by  the  Order  shall  cease, 
except  as  to  so  much  of  the  same  as  is  then  completed,  unless  the  time 
be  prolonj;ped  by  the  Board,  and  as  to  so  much  of  the  same  as  is  then 
completed,  the  Board  may  allow  the  powers  to  continue  and  to  be 
exercised  if  they  thiak  lit  ;  but,  failing  such  permission,  then  so  much 
of  the  tramway  as  is  then  completed  shall  be  deemed  to  be  dis- 
continued, and  dealt  with  accordingly  (s.  iS). 

Wben  a  tramway  has  been  made  by  a  Local  Authority,  or  posses- 
sion has  been  acquired  by  a  Local  Authority,  Uiey  may,  with  the 
consent  of  the  Board  of  Trade,  lease  to  any  person  the  right  of  user 
thereof,  and  of  demanding  and  taking  authorised  tolls  and  charges ; 
or  the  Local  Authority  may  leave  sttch  tramways  open  to  be  used  by 
the  public,  and  may,  in  respect  of  such  cases,  take  the  tolls  and 
charges  authorised  ;  but  no  Local  Authority  can  i)lace  or  run 
carriages  upon  such  tramways,  and  demand  and  take  toils  and  charges 
in  respect  of  the  use  of  such  carriages.  Every  such  lease  shall  be  for 
a  term  not  exceeding  twenty-one  years,  and  at  its  expiration  such 
lease  may,  with  the  consent  of  the  Board,  be  renewed  for  a  further 
term  not  exceeding  in  any  case  twenty-one  >  ears  ;  the  lease  to  be 
void  if  the  lessees  discontinue  the  working  of  the  tramway  (s.  19). 

Special  provision  is  made  by  the  Act  for  payment  out  of  the  local 
rate  of  all  expenses  incurred  by  a  Local  Authority  in  obtaining  and 
carrying;  into  effect  a  Provisional  Order  authorising  the  construction  of 
tramways  (ss.  20,  21^. 

Part  II.  of  the  Act  relates  to  the  Construction  of  1  kamways,  cooitnic- 
and  (together  with  Part  III.)  is  to  be  incorporated  with  every  Pron-  xnmways. 
sional  Order  or  special  Act  authorising  a  tramway,  except  so  fax  as 
they  may  be  expressly  varied  thereby  (ss.  22,  23,  24). 

If  no  gauge  is  prescribed  by  the  special  Act,  the  gauge  is  to  be  such 
as  to  admit  of  the  use  on  the  tramwaysof  carriaires  constructed  for  use 
upon  railways  of  a  gauge  of  4  feet  inches.  They  arc  to  be  laid  on 
a  level  with  the  surface  of  the  road  25). 

Powers  arc  given  lo  promoters  to  break  up  streets  ;  and  pro\  ision 
is  made  for  the  completion  of  the  works  and  the  reinstatement  ot  the 
toad,  for  the  repair  of  the  part  of  the  road  where  the  tramway  is  laid, 
and  for  contracts  between  the  road  authority  and  the  promoters  for 
paving  roads  on  which  tramways  are  laid;  also  for  the  case  of 
interference  with  the  mains  of  gas  and  water  companies^  and  for  Uie 
protection  of  sewers,  drains,  and  tlic  like  (ss.  2(j—\i^. 

The  Act  further  preserves  lh»-  rights  of  authorities  and  companies, 
&c.,  to  open  roads  fs.  32),  and  provides  lor  the  settlement  of  all 
differences  that  mxj  arise  between  the  promoters  and  the  road 
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authority  or  other  body  or  person  by  a  referee  to  be  appointed  by  the 
Board  of  Trade  (s.  33). 

G.  nora!        part  Ill.of  the  Act  coiktaiiis  General  Provisions  relating  to  the 

Provisions.  ,  .  - 

working  of  tramways. 

Carriages. — The  promoters  are  to  have  the  exclusive  use  of  the 
tramways  for  carria.^cs  with  flange- wheels  or  other  whecla  suitable 
oaly  to  run  on  the  prescribed  rail,  to  be  moved  by  the  power  prescribed 
by  the  Special  Act ;  and,  where  no  such  power  is  prescribed,  by 
animal  power  only.  No  carriage  shall  extend  beyond  the  outer  edge 
of  the  wheels  of  such  carriage  more  than  11  inches  on  each  side 
(«-3f). 

Licenses. — If  the  Local  Authority  or  twenty  inhabitant  ratepayers, 
sitisfv  the  Board  of  Trade  that  the  public  are  deprived  of  the  full 

benetii  of  the  tr.imway,  licenses  to  use  it  ma\-  be  granted  to  third 
parlies  bs'tlic  Board  of  Trade  en  certain  prescribed  conditions,  provi- 
sion being^  made  by  the  Act  for  enforcing  payment  of  toils,  ilv:c. 
(ss.  35—40- 

DtseontinuaHce  0/  Tramway  s.^U  the  working  of  a  tramway,  or  of 
any  part  thereof,  is  discontinued  for  the  space  of  three  months  (such 
discontinuance  not  being  occasioned  by  circumstances  beyond  the 
control  of  the  promoters),  ihe  powers  of  the  promoters  in  respect  of 

such  disused  tramway,  or  portion  thereof,  may  be  i!i  termined  by  an 
order  of  the  Board  of  Trade.  At  any  time  after  two  months  from  the 
date  of  such  order,  llic  road  authority  may  remove  the  disused  portion 
of  tiauiways  at  the  cost  of  the  ptumoters  (s.  41), 

Insolvency  of  Profiutters^'^i  at  any  time  after  opening  of  a  tram* 
way  for  traffic  the  promoters  appear  to  be  insolvent  or  unable  to 
maintain  the  tramway,  the  Board  of  Trade,  on  the  application  of  the 
Local  Authority  ui  road  authority,  and  after  enquiry  by  a  referee,  may 
make  an  order  declaring  that  the  powers  of  the  promoters  shall  cease 
at  the  expiration  of  six  montlis  fr^m  the  date  of  the  order,  unless  the 
same  are  purchased  by  tlie  Local  Authority,  who  may,  in  that  evenly 
remove  the  tramway  at  the  cost  of  the  promoters  (s.  42). 

Purchase  and  Sale  of  21ramzcays,^WheTQ  the  promoters  of  a 
tramway  are  not  the  Local  Authority,  the  Local  Authority  may,  within 
six  months  after  the  expiration  of  a  period  of  twenty>one  years 
from  the  time  when  sucli  promoters  were  empowered  to  construct 
such  tramway,  and  within  six  months  after  the  expiration  of  every 
subsequent  period  of  seven  years,  or  within  three  months  after 
any  order  made  by  the  Board  of  Trade  under  ss.  41,  42,  with  the 
approval  of  the  Board  of  Trade,  require  the  promoters  to  sell  their 
undertaking,  upon  terms  of  paying  the  then  value  (exclusive  of  any 
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allowance  for  past  or  fiitaie  profits  of  the  underta^<ing,  or  any  com- 
pensation for  compulsory  sale,  or  other  consideration  whatsoever)  of 

the  tramway,  and  all  lands,  buildinj^s,  works,  materials,  and  plant 
of  the  promoters  suitable  to  and  used  by  them  for  the  purposes 
thereof,  such  value  to  be  in  case  of  difference  determined  by  a 
referee  nominated  by  the  Board  of  Trade. 

The  Local  Authority  in  any  district  may  pay  the  purchase  money 
and  all  expenses  incurred  by  them  in  so  purchasing  an  tmdertalcing 
out  of  the  like  rate,  and  shall  have  the  like  powers  of  borrowing 
on  the  security  of  the  rate,  as  if  such  expenses  were  incurred  in 
obtaining  and  carrying  into  effect  a  Provisional  Order  under  the 
Act. 

T«vo  or  more  Local  Authorities  may  jointly  purchase  any  under- 
taking  within  their  several  districts  (s.  43). 

Where  a  tramway  has  been  opened  for  trafllc  for  six  months  the 
promoters  may,  with  the  consent  of  the  Board  of  Trade,  sell  their 
undertaking  to  any  person,  persons,  corporation,  or  company,  or  to 
the  Local  Authority  of  the  district ;  and  where  such  sale  is  made  to 
the  Local  Authority  such  Local  Attthority  may  pay  the  purchase 
money  in  like  manner  as  if  such  purchase  were  made  under  the 
authority  of  the  43rd  section  (s.  44). 

Tolls. — The  promoters  or  lessees  of  a  tramway  authorised  by 
special  Act  may  demand  and  take  tolls  and  charges  as  specified  in 
the  special  Act,  such  tolls  and  charges  to  be  exhibited  in  a  conspicuous 
place  inside  and  outside  each  tramway  carnage  (s.  45). 

By  claws* — The  Local  Attthority  are  empowered  to  make  byelaws 
as  to  the  rate  of  speed,  the  clear  distances  between  any  two  carriages 
travelling  on  the  same  line  of  rails,  the  stopping  of  carriages  using 
the  tramway,  and  the  traffic  on  the  road  in  which  the  tramway  is 
laid ;  and  the  promoters  or  lessees  of  a  tramway  may  also  make 
byelaws  for  the  prevention  of  any  nuisance  in  or  about  their  carriages 
or  premises  and  the  rci;ulation  of  travelling  upon  the  carri;i^'es.  J  he 
byelaws  are  to  be  subj  _ct  to  allowance  by  the  Board  of  i  rade,  and 
may  prescribe  penalties  (ss.  46,  47). 

[For  Forms  of  Byelaws  issued  by  the  Board  of  Trade,  see 
post,  p.  694] 

Power  is  given  to  the  Local  Authority  to  license  the  drivers  and 
onductors  of  tramways  (s.  48). 

Offences. — Penalties  are  imposed  for  obstruction  of  promoters  in 

1  lying-out  a  tramway  ;  for  wilful  injury  or  obstruction  to  tramways  or 
works  ;  for  frauds  practised  or  attempted  by  passengers  ;  for  biinging 
dangerous  ^^oods  on  a  tramway,  tVc.  (ss.  49 — 53). 
Any  person,  not  duly  authorised,  using  a  tramway  with  carriages 
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Iiaving^  flanjj-e-uhecl*;,  or  other  wheels  suitab!e  tn  run  on  sucb 

tramway,  becomes  liable  to  a  penalty  not  exceeding  j^*o(s.  54;. 

Ac'^iffenfs  and  /////y/Vc.v.  —  The  promoters  nr  lessees  arc  to  be 
answerable  fur  all  accident,  damages,  and  injuries  happetiinj 
ihrough  their  act  or  default,  or  through  the  act  or  deiauU  of  aaj 
person  io  their  cmploymeot  by  reason  or  io  consequence  of  any  of 
their  works  or  carriages  (s.  55). 

Recovery  of  Tolls  and  Penaltus.  —  All  tolls,  penalties,  and 
charges  under  the  Act,  or  under  a  byelaw,  may  be  recovered  and 
enforced  in  Iingland  before  two  justices  of  the  peace  under  the  Sum- 
mary Conviction  Act,  and  in  Scotland  before  the  sheriff  or  two 
justices  as  penalties  under  the  Railway  Clauses  CoosoUdatioa 
(Scotland)  Act,  1845  (s.  56% 

Rij^hl  of  User  0/  Road  only. — The  promoters  of  a  tramway  shall 
not  be  deemed  to  acquhre  any  right  other  than  that  of  user  of  any 
road  along  or  across  which  they  lay  the  tramway,  and  nothhig  con- 
tained in  the  Act  is  to  exempt  the  promoters,  or  other  person  usiiigi 
tramway,  from  the  payment  of  tolls  to  the  trustees  of  m  turnpike  rnd. 
With  the  approval  of  the  Board  of  Trade,  the  trustees  of  a  tumpilce 
road  and  the  promoters  of  a  tramway  may  enter  into  agreements  for 
the  payment  of  a  composition  in  respect  of  the  user  of  sucii  road 
(ss.  57,  58). 

Mints  and  Mint:t  als  uiia^r  Iramways. — Nothinj;  in  the  Act  i> 
to  limit  or  interfere  with  the  rights  of  any  owner  or  occupier  of  mines 
or  minerals  lying  under  or  adjacent  to  a  road  along  or  across  which  i 
tramway  is  laid ;  nor  shall  any  such  owner  or  occupier  be  liable  10 
make  compensation  for  damage  occasioned  to  such  tramway  tbe 
working  of  the  mines  in  ordinar>'  course  (s.  S9)« 

Public  Rights. — Nothing  in  the  Act  is  to  restrict  the  powers  bybv 
of  existing  authorities  to  widen,  alter,  divert,  or  improve  any  road, 
railway,  tramway,  or  inland  navigation  ;  or  to  limit  the  powers  of  the 
police  or  Local  Authorities  to  regulate  the  traflic  of  the  road;  or  tij 
abridge  the  right  of  the  public  to  pass  along  or  across  any  part  of  t 
road  along  or  across  wiUch  a  tramway  is  laid  with  carriages  not 
having  flange* wheels  (ss.  60^  61 «  62). 

Public  Jnquiries,^\ox^vnKk  which  by  the  Act  the  Board  of  Trade 
are  empowcn  I  to  make  are  to  be  made  according  to  the  provisions 
set  forth  in  the  Act  (s.  63). 

Board  of  Trade  A'.vA  .v.— Power  is  gi\'en  to  the  Board  of  Trade 
fro?T5  time  to  lime  to  make  and  amend  ]s.i:les  for  carrying  the  Act  into 
ciicLi  ;  and  any  Rules  so  made  are  to  be  laid  before  rarliamect 
(s.  04;, 
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IL— Board  of  Trade  Rules  with  respect  to 
Provisional  Orders  and  other  Matters 

under  the  tramways  act,  187o.* 


BY  WHOM  provisional  ORDERS  MAY  BE  OBTAINED- 

AND  THE  NECESSxVRY  CONTEXTS  THERETO. 

By  the  Tramways  Act,  1870,  it  is  provided  as  follows : — 

"  Part  l^^Piwishnal  Orders  authoriung  the  Comtntctton  of  Tramways. 

Sf(  TioN  4.— '•Provisional  Orders  authorizing  the  constiiiclion  of  tramways 

in  any  district  may  be  obtained  by — 

*•  {!.)  The  local  authority  of  such  district ;  or  by— 
(j.)  Any  ]icrvon.  persons,  corporation,  or  company,  with  the  consent  of 
*'  the-  li»cal  atitli  jfity  of  such  district ;  or  of  the  roid  nntlioi  ity  <'f  such 
*•  district  where  such  district  is  or  forms  pari  of  a  highway  district 
**  ibnned  under  the  provbi<Mis  of  *  The  Highway  Acts/ 

Applicatiun  I'  r  a  Provisional  Order  shall  iu>t  I)e  niaile  by  any  local 
authority  until  such  aupiicalion  shall  be  approved  in  the  manner  prescribed 
**  in  Part  III.  of  the  Schedule  A.  to  this  Act  annexed.  (This  schedule  fottows^ 
«« on  page  3.) 

■*  Where  in  any  diitrict  there  is  a  road  authority  distinct  from  the  local 
'*  authority,  the  consent  of  such  road  authority  shall  also  be  necessary  in  any 

*'  ca^c  \vh  ic  power  is  sought  to  break  up  any  road  subject  to  the  j urisdictioil 
"  of  such  road  authority,  before  any  Fro%  biunal  Order  can  be  obtained." 

Definition  of  Tefms.  —  Section  3  provides  that  for  the  purposes  of  the  Act — 

The  terms    local  authority  "  and    local  rale"  shall  mean  respectively  the 
bodies  of  persons  and  rate  named  in  the  table  in  Part  I.  of  the  Schedule  (A. 
to  this  Act  aimcxed. 

The  term  "  road  "  shall  mean  any  carriageway  bciii^  a  public  highway,  and 
the  carriageway  of  any  brKlj^c  luniiiiiy  p  trt  of  or  leadiiig  to  the  <>ame. 

The  term  "road  authority  "  ^haIl  mean,  in  the  districts  specified  in  tbetable 
in  Part  II.  of  the  Schccluk-  (A.)  to  thi-.  Act  anncr.cJ,  the  !>(>d:cs  of  persons 
named  ui  llie  :>atiie  table,  and  cLcwh'^rc  auy  local  uuihunty,  board,  town 
council,  body  corpotate^  commissioners,  trustees,  vestry,  or  other  body  or 
persons  in  whom  a  road  defined  by  this  Act  if  vested^  or  who  have  the 
power  to  maintain  or  repair  such  road. 

The  term  *'  district "  in  relation  to  a  local  authority  or  road  authority  shall 
mean  the  area  within  the  jurisdicdon  of  such  local  authority  or  road  authority. 

*  Nonts. — (i)  All  memorials,  objections,  and  other  documents  addressed 

to  the  Board  of  Trade  under  the  Act  shjuld  be  on  papjr  of  foolscap  size. 
(2)  Promoters  who  desire  to  be  incoiporated  must  register  themselves  under 
the  Companies  Act,  1862. 
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"SCHEDDLE  A.^(PART  I.) 

Local  Althorh v. 


Districts  of  Local 
Authontiei. 


Description  of  Local 
Atttboritvof  District  set 
oppoitie  x\%  Name. 


The  Local  Rafee. 


The  city  of  London 
•'nn!    tlic  Ubertiei 

Iherccf. 
The  metropolis  («) 

Boroughs  [h) 


Anyplace  Qot  include  J 
*'ia  the  above  de> 

scriplions,  and  unJei 
"the  juti-.cIiclion  of 
"  commissioncts,  tiu-i- 
"  t(.  c>. '  I  uthcr  persons 
"intrusted  l)y  any 
"  Local  Act  with 
"  powers  of  improring, 
"  cican'sin;;,  or  paviDg 
"  any  luwn. 
Any  place  not  included 
"  in  the  above  desciip- 
*'tions,  and  within 
"the  jorisdiction  of  a 

loi  a!   J'oar  i  consti- 

luted  in  pursuance 
«'  of  the  PubUc  Health 

Act.  1848,  and  the 
"Lnal  Guvcrnracut 
•'Act,  1838,  or  one  of 
'•such  Acts. 
Any  place  or  pni>h 
'•  not  within  the  above 
**  descriptions,  and  in 
'*  wliicli  a  I  ate  i>  levied 
"for  the  maintenance 
"  of  the  poor. 


England  k,  Wales. 

The  mayor,  aldermen, 

an<l  commons  of  the 

cUy  of  London. 
TlicMrtu  ;  olitanBoard 

of  Works  (r\ 
The  mayor,  aldermen, 

and  burgesses  acting 

by  the  council. 


I  h  c  commii^ioners, 
ttuslees,    or  other 

persons  intrusted  bv 
the  Local  Act  with 
powers  of  improving, 
clean»ing,  or  p«ving 
the  town. 


The  local  board 


The  vestry, select  vestry, 
01  uiiitr  body  of  pet- 
sons  vActing  by  \  it tue 
of  any  Act  of  Parlia- 
ment, prescription, 
custom,  or  otherwise, 
as  vr  in'Jtead  of  a 
vcitry  or  select  vestry. 


Theconsblidatedsewcn 
late. 

The  metropolitan  con- 
solidated rate. 

Tlje  borou;:h  fund  or 
other  property  .  ap- 
plicable to  the  pur- 
poses of  a  borough 
rate,  or  the  boroogh 

I  ate. 

Any  rate  leviable  by 
such  conuntssionen, 

trustees,  or  other 
persons,  or  other 
funds  applicable  by 
them  to  tne  purposes 

of  improving. .  l-.an«- 
iog,  or  paviug  iht; 
town. 


Gmeral  disttict  rate. 


The  poor  rate. 
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Places  within  the  juris- 

diction  of  nny  town 
"  council,  and  not  ^ub- 
'•j«ct  to  the  separate 
"jurisdiction  of  police 

commissioners  or 
"  trustees. 

In  places  within  the 
''jurisdiction  of  police 
••commissioners  or 
trustees  exercising 
'*  the  functions  of  polifc 
'  commissioners  under 
**  any  General  or  Local 
"  Act. 
**ln  any  parish  or  pait 
**thereo1r  over  wnich 
** the  juri-iliction  of  a 
"  town  council  or  of 
**  police  commissioners 
"  or  trustees  exercising 
"  the  functions  ufpoHcc 
"  commissioners  docs 
"not  extend.** 


SCOZXA.Nl>. 

The  town  council. 


The   police  commis- 
sioners or  trosteci. 


The  road  trustees  hav- 
ing the  management 
of  aiiy  r^JaJ  on  which 
a  tramway  is  pro- 
posed to  b«  con- 
structed. 


I 


The  prison  assessment 
•    or  i>olice  assessment, 

as  the  local  authority 

shdl  leiolve. 


The  tolls,  duties,  and 
assessments  leviable 
by  the  road  trustees. 


"  ScHKDULE  A.— (Part  11.) 
"Road  Authokiiy. 


Uistricts  of  Road  Authorities. 


Doscri^tioa  of  Road  Authority  of 
Districts  set  opposite  its  Name. 


**  Parishes  within  the  Metropolis  (i) 
*' mentioned  in  Schedule  (A.)  to 
the  Metropolis  Management  Act, 
"  1855. 

'*  Districis  within  the  Metropolis  (i) 
**  formed  by  theunionof  theparishes 

"mentioned  in  schedule  (Jl.)  to 
the  Metropolis  Management  Act, 


The  vestries  appointed  for  the  pur- 
poses of  the  Metropolis  Mauage- 
ment  Act,  1855. 

The  boaid  oi  works  for  the  district 
appointed  for  the  purpose  of  the 
Metropolis  Management  Act,  1855. 


*'  (a)  <The  metropolis*  shall  indnde  all  parishes  and  places  in  which  the 

Metropolitan  Board  of  Works  have  power  to  levy  a  main  dfainage  ratCf 
except  the  city  of  London  and  Uie  liberties  thereof.** 

*'  (6)  *  Borough  *  shall  mean  any  place  for  the  time  being  subject  to  an  Act 

passed  in  the  session  holden  in  the  hfth  and  sixth  years  of  tlie  reign  of  King 
VV'illiam  the  Fourth,  chapter  seventy-six,  intituled  'An   Act  to  provide 
lor  the  regulation  of  municipal  corporation:!  in  England  auvi  Wales.* " 
(<p)  Now  London  County  Council. 
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*'  Schedule  A.— (Part  III.) 

**  Evidence  of  Approval  and  Consent. — The  approval  of  any  intended 
«  application  for  a  Frovisional  Order  by  a  Local  Autnority  shall  be  in  manner 
**  following ;  that  is  to  say, 

**  A  resolution  approving  of  the  intention  to  make  such  application  sh.iU 
«  be  passed  at  a  special  meeting  of  the  members  constituting  such  Local 
"Anthority. 

Such  special  meeting  shall  not  be  hclil  unlc-s  a  mr  nth's  jircvious  r.oli.e 
"  of  the  same,  and  of  the  purpose  thereof  ,  has  been  given  in  th<-  in:.naet  in 
*•  which  notices  of  meetings  of  such  Local  Authority  are  usually  given. 
Such  resolution  shall  not  be  passed  unless  two-thirds  of  the  members 
*•  constitutinrj 'iuch  Local  Aulli:'ii!>-  -xtc  i^r'^^cnt  and  vote  at  such  specul 
*' laetting,  ;i:ul  aniajoiity  of  these  pic^enL  and  voting  concur  in  the 
"resolution  ;  }  r(  \  ided  that  if  in  Scotland  the  local  authoiity  be  the  road 
*•  Irustet  s,  it  ^^h.ill  nc/i  be  necc<^sary  that  two-thir.ls  of  such  trustees  shall 
•*be  protni  at  ilie  meeting,  buL  tlie  resolution  shall  not  be  vahd  unless 
**  two-thirds  of  the  members  present  vole  m  favour  of  such  resolution,  and 
**  unless  the  said  rcst  lutirtn  i^  ccnfirmed  in  like  manner  at  anothtr 

meeting  called  as  aforesaid,  and  held  not  less  than  three  weeixs  and  not 
**  more  than  six  weeks  tbereaher.  Where  any  stich  resolution  rdating  to 
"  the  metropolis  as  the  same  is  defined  in  Part  I.  of  the  Schedule,  or  to 
"any  district  in  Scotland  of  which  road  trustees  are  the  iocul  authotity, 
*<has  been  passed  in  manner  dbntstid,  the  intended  application  to 

which  such  resolution  relates  shall  be  deemed  to  be  approved.'* 


RULES  OF  THE  BOARD  OF  TRADE. 

Rule  I. — A  p^ro- a!  of  Application  made  by  Local  AutJioriiics. 
— Where  the  application  is  made  by  any  Local  Authority,  the  evi- 
dence of  approval  required  as  above  by  Schedule  A.  (Part  III.}  of 
the  Act  must  be  given  at  the  time  fixed  for  proving  compliance  with 
the  Aa  and  these  Rules,  by  a  certified  copy  of  the  resolution 
approving  of  the  intention  to  make  the  application,  (d)  a  certified 
copy  of  the  notice  convening  the  Special  meedng  to  consider  the 
application,  and  {c)  a  certified  statement  of  the  number  of  members 
constituting^  the  Local  Authority,  and  of  the  number  present  and 
voting  at  such  special  meeting. 

Rule  W— Consent  to  A pplicatums  not  made  by  Local  Authori- 
ties,— Where  an  application  is  made  by  promoters,  not  being  the 
Local  Authority  of  the  district  in  which  the  tramway  is  proposed  to  be 
laid,  evidence  of  the  consent  required  by  PaRT  I.,  section  4  of  the 

Act,  must  be  given  at  the  time  fixed  for  proving  compliance  with  tlic 
Act  and  these  Rules,  by  (</)  a  certified  copy  of  the  resolution  passed 
at  a  meetniL,' of  the  local  or  road  authority,  as  the  case  may  be,  at 
which  the  application  was  approved,  {p}  a  copy  of  the  notice  convening 
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the  meeting,  which  notice  must  contain  a  statement  that  the  subject 
of  the  proposed  tramway  will  be  broii^^lit  before  the  meeting. 

Similar  evidence  of  the  consent  of  the  local  and  road  authorities 
must  be. produced  in  cases  in  which  tlie  promoters  seek  to  use  steam 
or  other  xnecbaDical  power  on  any  tramway  or  tramways  already 
authorised. 

ADVERTISEMENT  AND  NOTICES  IN  OCTOBER  OR 
NOVEMBER  AND  DECEMBER. 

SscriON  6. — ''The  promoters  intending  to  make  an  appUcation  for  a 
*'  Provisional  Order  shall  proceed  as  follows : — 

*'  (l.)  In  tlie  iiionlha  of  Oclubcr  and  Xovcinber  Ucxl  bcfoic  tlic  appHcation, 
"or  in  one  of  those  months,  ilicy  ill  pablish  notice  ot  th'  ir  intention 
"to  make  such  ri|'plic.ition  by  advci  liscment  ;  and  tliey  Av.iW,  on  or 
before  the  fifteenth  day  of  the  following  month  of  Deccmbci  ,  hci  vc 
"  notice  of  such  intention  in  accordance  wilh  the  Standing  Orders  (if 
*•  any)  of  both  Houses  of  P.ulijincut  for  the  time  bcinjj  in  force  wilh 
**rci»pect  to  Bdis  tor  the  coiistructioa  of  tramways.  (See  ^Schedule 
••B.,  Parti.) 

•*  {l.)  On  or  b,*fore  the  thirtieih  day  of  the  same  month  of  November  they 
'* shall  deposit  the  documents  described  in  part  two  of  the  same* 
"schedule,  according  lo  the  ic^vdations  therein  contained  : 
(3.)  On  or  before  the  twenty-third  day  of  December  in  the  same  year 
"they  shall  duK  ^ii  tin.-  li  cuments  described  in  part  three  of  the 
•'samef  scbcduie,  according  to  the  regulations  therein  contained." 
•  «  •  •  • 


•'Schedule  B.  ;]'art  1.) 

**  ((.}  Every  advertisement  is  to  contain  the  fjllowing  parliculars  : — 

I.  The  objects  of  the  intended  application. 
**  2.  A  general  description  of  the  nature  of  the  proposed  wrorkSy  if  any. 
**3.  Thu  nan.es  of  the  townlands,  parishes,  townships,  and  c'\lra>parochial 

"  places  in  which  the  propoi>ed  works,  if  any,  will  be  made. 
**  4.  The  times  and  places  at  which  the  deposit  under  Part  II.  of  this 

*•  schedule  will  be  made. 
•*  5.  An  oflice,  either  in  London  or  at  the  place  lo  which  the  intended 

••application  relates,  at  which  printed  copies  of  the  Draft  Provisional 

''Older,  when  deposited,  and  of  the  I'lovisional  Order,  when  made, 

*'  will  be  obt.iinnhie  as  hereinafter  provided. 
•*  (2.)  1  he  uhuic  notice  is  to  be  included  in  one  advertisement,  which  is  to 
**  be  headed  wilh  a  short  title  descriptive  of  the  undertaking. 

*•  (3.)  The  advcrtinement  is  to  be  inserted  once  .;l  K.ist  in  each  of  two  suc- 
"cessive  weeks  in  some  one  and  the  same  newspaper  published  in  the 
district  aiftcted  by  the  proposed  tmdertaktag,  where  ike  proposed  works,  if 

*  Schedule  B.  (tui  pa^e  5). 
t  Schedule  B.  (\>a  page  o). 
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any,  will  be  made ;  or  if  there  be  no  such  ricw^pnper,  then  in  fomc  one  mi 
*'  the  same  newspaper  published  in  the  county  in  which  every  ^uch  district,  cr 
•*  some  part  thereof,  is  situate  ;  or  if  there  be  none,  then  in  some  one  asdtbe 
*'  same  newspaper  publishid  in  some  adjoining  or  neighbouring  ccunty.*' 

The  atlverrT^cmrnt  5-;  al^o.  in  every  crj<?e,  to  be  insetted  once  at  last 
*•  in  liie  London  rr  Etimburgh  GazetU,  accordingly  as  the  district  is  sitaalti]i 
"  England  or  Scotland/' 

Rl'l.F  III. — Dt'scription  of  Jrarmcays  in  Adverti^fmcnt.--'Vt\i 
trann\v;ivs  mentioned  in  the  advertisenient  of  the  intended  applicatioa 
should  be  described  in  the  manner  prescribed  in  Rule  XV'I.,  but  4e 
length  need  not  be  inserted. 

Rrr.i:  \\\-  A  hrrtisement  as  to  Narroiv  Places.— IhQ  advci- 
tiseiTicnt  must  specify  at  what  point  or  points,  and  on  which  side  of 
the  street  or  road,  it  is  proiv)scd  to  lay  such  trninway,  so  that  for  a 
distance  of  thirty  feet  or  upwards  a  less  space  than  nine  feet  SB 
ificfaes,  or  if  it  ii  intended  to  run  thereon  carriages  or  trucks  adajKd 
for  use  upon  railways,  a  less  space  than  ten  feet  six  inches,  shall  inter- 
vene  between  the  outside  of  the  footpath  on  the  side  of  the  street  or 
road  and  the  nearest  rail  of  the  tramway.  The  notice  shall  abo 
specify  the  gauge  to  be  adopted,  and  what  power  it  is  intended  to 
employ  for  moving  carriages  or  trucks  upon  the  tramway. 

RULE  v.— 5/re«/Ab/nre.~In  the  months  of  October  and  Novemto, 
or  one  of  them,  inunediately  preceding  the  application  for  any  Pion> 
sional  Order,  a  notice  thereof  shall  be  posted  for  fourteen  consecut'nt 
days  in  every  street  or  road,  along  which  it  is  proposed  to  lay  the 

tramway,  in  such  manner  as  the  authority  having  the  control  of  such 
street  or  road  shall  direct  :  and  if  after  application  to  such  authonfv 
no  such  direction  shall  l)c  ^ivcn,  then  in  some  conspicuous  poait.onui 
such  street  or  road  ;  and  sucli  notice  shall  also  state  the  place  or  places 
ai  which  the  plans  of  such  tramway  will  be  deposited. 

Rule  W.—Xotic  '  f<->  Orcncrs  and  Lessees  of  Railways,  Tram- 
ii.'ays,  afu.f  C(7//,7/5".  On  or  before  the  15th  day  of  December  ioime- 
diately  ))reccdin;^' the  application  for  any  Provisional  Order  for  laving' 
down  a  tramway  crossing  any  railway  or  tramwa}  on  the  level,  or 
crossing  any  railway,  tramway,  or  cauai  by  means  of  a  bridge,  or 
Otherwise  affecting  or  interfering  with  such  railway,  tramway,  or  canaf, 
notice  in  writing  of  such  application  shall  be  served  upon  the  owner  or 
reputed  owner  and  upon  the  lessee  or  reputed  lessee  of  such  laiivsyt 
tramway,  or  canal,  and  such  notice  shall  state  the  place  or  places  at 
which  the  plans  of  the  tramway  to  be  authorised  by  such  Provisioi^ 
Order  have  been  or  will  be  deposited. 
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Similar  nolicc  must  also  be  given  to  Covinty  Councils  and  to  pro- 
prietors of  navigable  rivers  in  respect  of  llieir  bridges  or  other  works 
which  are  proposed  to  be  crossed  or  otherwise  interfered  with. 

Everf  notice  under  this  rule  must  be  accompanied  by  a  copy  of 
Rule  XVII.,  omitting  the  first  paragraph,  and  must  state  «here  copies 
of  the  draft  Provisional  Order,  when  deposited  at  the  Board  of  Trade, 
can  be  obtained. 

Rule  VTI. — Xottrc  tn  Local  af:d  Road  Authorises. — Where  the 
promoters  make  application  for  an  extension  of  time  for  the  construc- 
tion of,  or  for  authority  to  abandon,  any  tramway,  they  n\ust,  on  or 
before  the  15th  day  of  December,  serve  notice  of  such  application 
upon  all  the  local  and  road  authorities  affected. 

Rule  VIII. — Intimation  to  intending  Objectors*— 'Vhi  preceding 
advertisement  and  notices, other  than  the  street  notice,  must  state  that 
even,'  company,  corporation,  or  person  desirous  of  making;  any  repre- 
sentation to  the  Board  of  Tr.idc,  or  of  bringiiv^  before  them  any 
objection  respecting  the  application,  may  do  so  by  letter,  addressed 
to  the  Assistant  Secretary  of  the  Raiiway  department  of  the  Board  of 
TrtAt,  on  or  be/ore  the  i^th  January  ntxi  ensuing;  that  copies  o! 
their  objections  must  at  the  same  time  be  sent  to  the  promoters  ;  and 
that  in  forwarding  to  the  Board  of  Trade  such  objections,  the  objectors 
or  their  agents  should  state  that  a  copy  of  the  same  has  been  sent  to 
the  promoters  or  their  agents. 

Rule  \^.~Xofire  to  Frontagers. — On  or  before  the  15th  day  of 
December  immediately  preceding  the  application  for  a  I'rovisional 
Order,  notice  in  writing  must  be  given  to  the  owners  or  reputed 
owners,  lessees  or  reputed  lessees,  and  occupiers  of  all  houses,  siiop:>, 
or  warehouses  abutting  upon  any  part  of  any  street  or  road  where,  for 
a  distance  of  thirty  feet  or  upwards,  it  is  proposed  that  a  less  space 
than  nine  feet  six  inches  shall  intervene  between  the  outside  of  the 
footpath  on  either  side  of  the  road  and  the  nearest  rail  of  the 
tramway. 

This  notice  shall  be  j^iven  in  respect  of  such  premises  on  both  sides 
of  the  road,  and  must  contain  a  notihcaliou  that  if  such  owner,  lessee, 
or  occupier  dissents  from  the  tramway  being  so  laid,  he  may  express 
his  dissent  by  a  statement  in  writing,  addressed  to  the  Assistant 
Secretary  of  the  Railway  Department  of  the  Board  of  Trade,  en  or 
before  the  isi  January  next  ensuing,  and  that  he  must  at  the  same 
time  send  a  copy  of  his  dissent  to  the  promoters. 
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DEPOSITS  ON  OR  BEFORE  30TH  NOVEMBER. 

«  Schedule  B.— (Part  II.) 

"  (I.)  The  ]  rf  n.aters  are  to  deposit — 
"  I.  A  copy  ot  the  advertisement  published  by  them. 
•'2.  A  proper  plan  and  section  of  the  proposed  woiks,  if  any,  such  plan  and 
"  section  to  be  ;  rc}>ared  accotdin;^  to  Mtch  regulations  as  may  from  time  tO 
time  be  made  I  y  the  Board  of  Trade  in  that  behalf. 

•  (2.)  The  dociinicnts  aforesaid  are  to  be  dcpo>ittJ  lor  pub'ic  inspection— 
In  Engl.mr',  in  ilic  office  of  the  clerk  of  the  j  cace  for  every  county,  riding, 
*'  or  division,  ami  of  ilic  par  sh  ilttk  of  every  parish,  and  the  t-  iT;:? 
"  of  the  local  authoiiiy  oi  ever)- district  inor  throuj:h  which  any  such 
"  undertaking  is  proposed  to  be  made;  in  Scotland,  in  the  office  of  the 
'*  principal  -I  crifl"  deik  for  cveiy  county,  district,  or  divi>ion  uhich 
"will  be  atlected  by  the  proposed  undertaking,  or  in  which  aoy 
'  -  1 T  <  ijiosed  new  work  will  be  made. 

"  (3.)  The  documents  aforesaid  are  also  to  be  deposited  at  the  o£Sce  of  the 
<•  Board  of  Trade." 

RuLB  X. — Map  and  Diagram, — published  map  of  the  district 
«ii  a  scale  of  not  less  than  six  inches  to  a  mile  (or,  if  no  map  on  such 
a  scale  be  publisbed*  then  the  best  map  obtainable),  with  the  line  of 
the  proposed  tramway  marked  thereon,  and  a  diagram  on  a  scale  of 
not  le»  than  two  inches  to  a  mile  prepared  in  accordance  with  the 
spccitnen  appended  to  these  rules,  must  also  be  deposited  on  or  before 
tlie  30th  of  November, 

Rule  XI. — Requirements 05  to  Plans.— T\\q  plans  to  be  deposited 
must  also  comply  with  the  following  requirements : — 

The  plans  shall  indicate  whether  it  is  proposed  to  lay  the  tramway 
along  the  centre  of  any  street  01  road,  and  if  not  along  the  centre, 
then  on  which  side  of,  and  at  what  distance  from,  an  im.iginary  line 
drawn  along  the  centre  of  such  street  or  road,  and  wliether  or  not,  and 
if  so,  at  what  point  or  points,  it  is  proposed  to  lay  such  tramway,  so 
that  for  a  distance  of  thirty  feet  or  ujDwards  a  less  space  than  nine  feet 
six  inches,  or  if  it  is  intended  to  run  lliereon  carriages  or  trucks 
adapted  for  use  upon  railways,  a  less  space  than  ten  feet  six  inches, 
shall  intervene  between  the  outside  of  the  footpath  on  either  side  oi 
the  street  or  road  and  the  nearest  rail  of  the  tramway. 

All  lengths  shall  be  stated  on  the  plan  and  section  in  miles,  iurlongs, 
cliains,  and  decimals  of  a  chain. 

The  distance  in  miles  and  furlongs  from  one  of  the  termini  of  each 
tramway  shall  be  marked  on  the  plan  and  section. 

Each  double  portion  of  liamway,  whether  a  passing-place  or  other- 
wise, shall  be  indicated  by  a  double  Une. 
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The  total  length  of  the  street  or  road  upon  which  cacli  trnmwny 
is  to  be  laid  shall  be  stated  the  length  of  route  of  each  tram- 
way) 

The  length  of  each  double  and  single  portion  of  such  tronnvay,  and 
the  total  length  of  such  double  and  single  portions  respectively,  shall 
also  be  stated. 

In  the  case  of  double  lines  (including  passing-places),  the  distance 
between  the  centre  lines  of  each  Hne  of  tramway  shall  be  marked  on 

the  plans.  This  distance  must  in  all  cases  be  sufficient  to  leave  at 
least  15  inches  between  the  sides  of  the  widest  carriage  and  engines 
to  be  used  on  the  tramwa\  s  when  passin;^  one  another. 

The  gradients  of  the  street  or  road  on  which  each  tramway  is  to  be 
laid  shall  be  marked  on  the  section. 

Every  crossing  of  a  railway,  tramway,  river,  or  canal  shall  be  shown, 
specifying  in  the  case  of  railways  and  tramways  whether  they  are 
crossed  over,  under,  or  on  the  level. 

All  tidal  waters  shall  be  coloured  blue. 

All  places  where  for  a  distance  of  30  feet  and  upwards  there  will  be 
a  less  space  than  nine  feet  six  inches  between  the  outside  of  the  foot- 
path on  either  side  of  the  street  or  road  and  the  nearest  rail  of  the 
tramway  shall  be  indicated  by  a  thick  dotted  line  on  tlie  plans  and  on 
the  side  or  sides  of  the  line  of  tramway  where  s>u(  !i  Tianuw  i)laces 
occur,  as  wcU  as  noted  on  the  plans,  and  the  wiUih  of  the  street  or 
road  at  these  places  shall  also  be  marked  on  the  plans. 

Not€.—Th,t  section  of  each  tramway  should,  where  practicable,  be 
shown  on  the  same  page  as  the  plan. 

Rl  LK  W\ .  —Plans  in  rerttiin  rcrsrs  to  he  in  Duplicate. — The 
plans  to  be  deposited  with  the  c  lerk  of  tlie  peace  or  sheriflf  clerk  (as 
the  case  may  be)  must  be  in  duplicate.  (AVt*  cjianding  Orders  of  the 
House  of  Lords  and  of  the  House  of  Commons.) 

Rule  ^\\\.— Portions  only  of  Fians  requind  in  certain  cases. 

•In  cases  where  the  proposed  works  are  intended  to  be  made  in  or 
through  one  or  more  parishes  or  districts,  the  deposit  with  the  parish 
clerks  or  Local  Authorities  need  consist  only  of  a  copy  of  so  much 
of  the  plans  and  sections  as  relates  10  their  respective  parishes  or 
districts. 

Rule  Plans,  &c»,  to  be  Deposited  in  Parliament— Tht 

following  Standing  Orders  must  also  be  complied  with*  : — 


•  These  Standing  Orders  icfcr  to  ammded  as  well  as  to  otiginal  plans. 
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Standing  Order  of  the  House  of  Lords. 

*•  Whenever  plans,  secticns,  books  of  reference,  or  maps  are  deposited  in 
the  case  of  an  application  to  any  public  department  or  county  council  for  a 
Ptovisional  Order  or  Certificate,  duplicates  of  the  said  documents  shatt  at  tbe 
same  time  be  <lcpf)'»ite(l  in  ;he  office  *  ftl.c  Cl^rk  of  the  Parliaments,  provided 
that  with  regard  to  »uch  deposits  as  are  &o  made  at  any  public  depanment  or 
with  any  county  coundl  after  the  prorogation  of  Fai  lament  and  before  the 
thirtieth  day  ot  November  in  any  year,  such  duplicates  shall  be  SO  depouted 
on  or  before  the  thirtieth  day  of  November." 

Standing  Order  of  the  House  of  Commons. 

"  Whenever  plans,  scctiouf;,  books  oi'  reftrence,  or  maps  are  deposited  in 
the  ease  of  any  application  to  any  public  department  or  county  council  for  a 
Provisional  Orcicr  or  Provision.il  Certificate,  duplicates  <)r  th  .'  sai  l  documents 
shall  at  the  same  time  be  deposited  in  the  I^ivate  Bill  Othce,  provided  that 
with  regard  to  such  deposits  as  are  so  made  at  any  public  department  or  with 
any  county  conncil  aTtcr  the  j  roroj^ition  of  Parliament,  and  before  the 
thirtieth  day  of  November  in  any  year,  such  duplicates  shall  be  so  deposited  ua 
the  thirtieth  day  of  November.** 

DEPOSITS  ON  OR  BEFORE  23RD  DECEMBER. 

"Schedule  B.-(Part  IIT.^ 

(i.)  The  promoters  are  to  deposit  at  the  odice  of  the  Xtoard  of  Trade — 
1.  A  memorial  signed  by  the  promoten,  beaded  with  a  short  title 

"descriptive  of  the  undertaking  (corresponding  with  that  at  the  head  of 
*'the  advertisement),  addtcssed  to  the  Board  of  Trade,  and  praying 
'*  for  a  Provisional  Order. 
**  1.  A  printed  drafl  of  the  Pro\-isional  Order  as  proposed  by  the  promoteis, 

"  with  any  schedule  lefeircd  to  therein. 
••3.  An  estiiiialc  ol  tlic  cxpemc  of  the  proposed  works,  if  any,  signed  by 

•*  the  persons  m  iking  tl  c  same. 
"(2.)  They  are  also  to  deposit  a  sufficient  number  of  such  printed  copies  at 
**  the  office  named  in  (hat  behait  in  the  advertisement  \  such  copies  to  be 
there  faini>l)cd  to  all  persons  applying  for  tbem  at  the  price  of  not  more 
•*  than  ODC  shilling  each. 

**  (3.)  The  memorial  of  the  promoters  (to  be  written  on  foolscap  paper, 
"  booKwise,  with  quarter  margin)  is  to  be  in  the  following  form,  with  snch 
"yariations  as  circamstances  require : 

«  \Short  me  of  undiHaking.^ 

**  To  the  Board  of  Trac!e. 
<•  The  memorial  of  the  promoters  of  IsAort  tttU  of  undtrtakiitg\ 
*<  Showeth  as  follows : 

I.  Yo^  memorialists  have  published  in  accordance  with  the  requirements 
of  the  Tramways  Act,  1B70,  tne  following  advertisement: 

*'  [Hen  advertisement  to  be  ut  out  veriattm,*] 

*  This  advertisement  may  be  in  print  and  fixed  to  the  body  of  the 
memorial. 
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Your  memorialists  have  also  deposited,  in  accordance  with  the  rcquire- 
"  ments  of  the  said  Act,  copies  of  the  i^aid  advertisement  and  wk^te 
deposit  0/ tki  Sirrra!  ntntft'rx  r^juir^J  by  Act], 

•'Your  memorialists  therefore  pray  that  a  Provisional  Older 
*' majr  be  made  in  the  terms  of  the  draft  proposed  by  your 
"  memorialists,  or  in  snch  other  terms  as  may  seem  meet* 

Rule  XV. — The  following  documents,  &c.,  must  also  be  deposited 
at  the  Board  of  Trade  on  or  beforo  the  23rd  December,  viz. 

(i.)  List  of  Railways,  Trani:\)ays,  and  Canals,  and  Copy  of  the 
Notice. — A  complete  list  of  every  railway,  tramway,  and  caual  pro- 
posed to  be  crossed  or  otherwise  affected  or  uiLcrfercd  with,  together 
with  the  names  and  addresses  of  the  owners  or  reputed  ownersi  and  ot 
the  lessees  or  reputed  lessees  thereof,  and  a  certified  copy  of  the  notice 
served  upon  them. 

{2.)  Lists  of  Local  and  Road  Authorities  and  Copy  of  Notice, — A 
complete  list  of  the  local  and  of  the  road  authorities  through  whose 
districts  the  proposed  tramway  is  to  pass  (includin^^  in  such  list  the 
clerk  to  the  County  Council  in  cases  where  it  is  proposed  to  cross 
county  bridges),  and  if  any  such  district  is  or  forms  part  of  a  highway 
district,  unaer  the  provisions  of  "  I  hc  Highway  Acts,''  a  statement  to 
that  ctfcct  must  accompany  the  deposit.  Also  a  separate  list  of  the 
local  and  road  authorities  affected  by  any  application  relating  to  the 
use  of  steam  or  other  mechanical  power  on  authorised  tramways,  or  to 
an  extension  of  time  or  abandonment ;  together  with  a  copy  of  any 
notice  served  under  Rule  VII. 

(3.)  Copy  of  Street  Notice. — A  certified  copy  of  the  notice  which 
is  required  by  Rule  \ .  to  be  posted  in  the  streets  in  October  or 
November  next  before  the  application. 

(4.)  List  of  Frofitdi^crs  and  Copy  of  Notice, — In  all  cases  where  for 
a  distance  of  30  feet  or  upwards  it  is  proposed  tiiat  a  less  space  than 
nine  feet  six  inches  shall  intervene  between  the  outside  of  the  foot- 
path on  either  side  of  the  road  and  the  nearest  rail  of  the  tram- 
way, or  a  less  space  than  ten  feet  six  inches  if  it  is  intended,  to  run 
on  the  tramway  carriages  or  trucks  adapted  for  use  upon  railways,  a 
complete  list  of  the  owners  or  reputed  owners,  lessees  or  reputed 
lessees,  and  occupiers  of  all  houses,  shops,  or  warehouses  abutting 
upon  any  part  of  the  highway,  whert^  such  less  space  is  proposed, 
together  with  a  certified  copy  of  the  notice  which  was  served  on  them 
on  or  before  the  15th  December,  as  required  by  Rule  IX.  (The  list 
should  be  so  prepared  as  to  show  distinctly  and  separately  every 
length  of  street  or  road  where  for  a  distance  of  30  feet  or  upwards 
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such  less  space  is  proposed  and  in  respect  of  eveiy  sudi  length  of 
street  or  road  it  sliould  indicate  in  parallel  coltunns  the  name  of 

the  street,  llie  nrimc  nr  number  of  the  honse,  shop,  or  warehouse,  and 
the  nanu  .s  of  the  owner  or  reputed  owner,  the  lessee  or  reputed 
lessee,  and  of  the  occupier.) 

(5.)  Dcscrijjtioti  uj  Laud. — Adebcriplion  of  the  land  i^if  any)  which 
the  promoters  propose  to  purchase  for  the  construction  of  the  tram- 
iray.  (The  contracts  for  the  purchase  of  all  the  lands  required  must 
be  produced  at  the  time  of  proving  compliance  with  the  Act  and  these 
Rules.) 

(6.)  Memorandum  of  Associaiu  n ,  <^c. — A  list  of  every  Provi- 
sional Offier  or  Act  of  I\Trliamcnt  (if  any"!  of  the  promoters  ;  and 
w  here  the  proinoicrs  are  a  company  incorporated  under  the  Companies 
Act,  i86j,  a  plaited  copy  of  the  Mcmorandutn  of  Association.  Articles 
of  Association,  and  any  registered  special  icaoluiion  of  the  company, 
and  in  the  case  of  a  company  incorporated  in  any  other  manner,  a 
copy  of  every  deed  or  instrument  of  settlement  or  incorporation. 

(7.)  JFce. — A  fee  of  /"js,  by  cheque  payable  to  "An  Assistant 
Secretary  of  the  Board  of  Trade."  (This  fee  will  not  necessarily  be 
taken  to  cover  the  cost  of  inquiries  or  other  matters  arising  out  of  the 
application.  With  respect  to  costs  in  such  matters,  security  must  be 
given  from  time  to  time  by  the  promoters  as  the  Board  of  I'radc  may 
require.) 

DRAFT  TROVISIONAL  ORDER. 

Rui  K  XV I . — The  following  rules  must  be  observed  in  regard  to  the 

draft  Provisional  Order  : — 

(i .)  'I  he  draft  Provisional  Order  must  be  deposited  in  triplicate  and 
be  printed  on  o?n'  side  only  of  the  ptxgc,  so  as  to  leave  the  back  of 
the  page  blank,  and  any  schetlule  annexed  must  begin  a  new  pac:c. 

(2.)  The  draft  Provisional  Order  mu^t  desciibe  where  each  uaui- 
way  is  to  commence  and  terminate,  and  must  state  the  streets  and 
roads  along  which  it  is  to  pass,  and  the  total  length  of  the  double  and 
single  portions  respectively  of  such  tramway  in  miles,  furlongs,  chains, 
and  decimals  of  a  chain. 

(3.)  Kach  double  and  single  portion  of  such  tramway,  with  its  com- 
mencement and  termination,  must  also  be  described.  (This  can  be 
done  by  blaling  that  each  line  or  branch  line  will  be  doable  or  single 
throughout,  except  at  certain  specified  places  where  it  w  ill  be  single  or 
double.) 

(4.)  Hvcry  passing-place  must  be  described  as  a  double  line  in 
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accordance  with  the  Standing  Order  of  the  House  of  Lords,  which 
provides  that  "  hvo  lines  of  tramway  running  side  by  side  shall  be 
described  as  a  double  liney 

(5.)  In  cases  where  the  promoters  are  individuab  their  addresses  as 
well  as  names  should  be  inserted  in  the  draft  Order. 

(6.)  The  names  and  addresses  of  the  agents  for  the  Provisional 
Order  must  be  printed  on  the  outside  of  the  draft  Order,  and  there 
must  be  a  notice  at  the  end  of  it  staling  that  objections  are  to  be 
addressed  to  the  Assls*::!?-!!  Secretary  of  the  Railway  Department  of 
the  Board  of  Trade  on  or  before  the  i  sih  January  next  ensuing,  that 
copies  of  objections  must  at  the  same  time  be  sent  to  the  promoters, 
and  that  in  forwarding  to  ihc  lioard  of  Trade  such  objections,  tiie 
objectors  or  their  agents  should  state  that  a  copy  of  the  same  has  been 
sent  to  the  promoters  or  their  agents. 

PROOFS  OF  COMPLIANCE  WITH  THE  ACT  AND  RULES. 

Rr*r.F.  XNTI. — The  aj^cnt  should  be  prepared  to  prove  compliance 
with  the  provisions  of  the  Act  and  these  Rules  by  the  i$lh  January, 
and  all  such  />ro,>fs  must  be  completed  on  or  be/arc  the  22nd 
February.  Six  days'  notice  will  be  given  of  the  day  and  hour  at 
which  the  agents  arc  to  attend  for  the  purpose  at  the  lioard  of  Trade, 
and  printed  forms  of  proof  will  accompany  the  notice.  These  forms 
should  be  filled  up  by  the  agents,  and  brought  with  the  requisite 
documents  to  the  Department  at  the  time  fixed  for  proving  com- 
pliance. 

If  any  local  or  road  authority,  or  any  railway,  tramway,  or  canal 

company,  or  any  other  company,  body,  or  person  desire  to  have  any 
clauses  or  other  amendments  inserted  in  the  Order,  they  must  deliver 
the  same  to  t!ie  n-cnts  for  the  Order,  and  also  to  the  Board  of  Trade, 
not  later  than  the  I^'cbruary. 

On  or  before  the  12nd  February  the  agents  must  deposit  at  the 
Board  of  Trade  a  filled-up  draft  printed  Order  (in  duplicate)  con- 
taining in  manuscript  all  such  clauses  or  other  amendments  as  have 
been  agreed  upon. 

If  any  of  the  clauses  or  other  amendments  which  have  been  de- 
livered to  the  agents  are  not  settled  with  the  consent  of  both  parties, 
the  ajents  must,  so  far  as  they  can,  on  or  before  the  22nd  February, 
show  what  are  the  amendments,  if  any,  which  each  party  would  be 
willing  to  accept. 

After  the  22iid  February  no  iurLiua  piupo:jaii  ioi  clauses  will  be 

entertained  by  the  Board  of  Trade. 
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DEPOSIT  AND  ADVERTISEMENT  OF  ORDER  AS  MADE. 

**S£CiiON  13. — Wiicu  a  Provisional  Order  has  been  made  as  aforesaid  aad 
^*  delivered  to  the  promoters,  the  promote»8  shall  forthwith  publish  thesune 

*'bydcpri-it  and  r.(!verti-t. mcnt  according  to  the  regulations  Contained  ia 
"Part  IV.  of  tUc  Schedule  (B.)  to  this  Act," 

**  ScHEDaLE  B.— (Part  IV.) 

(l.)  The  promoters  arc  lo  deposit  printed  copies  of  the  Provisional  Ordar, 
♦•when  Settled  antl  m.Ac  h  i  j m  >lic  cctirn  in  the  oflkcs  nf  clerks  of  the 
*•  peace  aud  sheriff  clerks,  where  the  docuincut:*  required  to  be  deposited  by 
*'  them  under  Part  II.  of  this  schedule  were  deposited. 

•*  (2.)  They  aic  -A-o  lo  depoit  a  -uflkiont  raimlicr  r.f  ?.u:h  printed  copies  at 
*-  the  ufhcc  named  in  that  behaii  m  Uic  advertisement,  buch  copies  to  be 
*'  there  lumished  to  all  penoiu  ai)plyir)<,'  for  ihem  a!  the  price  of  not  mote 
•*  than*  each. 

*•  (3.)  They  are  also  to  publish  the  Provisional  Order  as  an  advertisement 
"once  in  the  local  newspaper  in  whidi  the  cii^^.r.al  adverti<iemcut  of  the 
"  intct^dtd  application  was  published,  or.  in  ca&c  the  same  shall  uo  longer  be 
"published,  in  some  other  newspaper  published  in  the  district." 

.A  u/t'.— Section  14  of  the  Act  r  <ju;lL^  that  the  Order  as  made  shall  be 
deposited  and  advertised  not  iaur  than  the  25th  April.) 

Rule  XV^III. — Deposit  of  Amended  rian  aj.d  Sectiou.Shonld 
any  alteration  of  the  plan  and  section  originally  deposited  for  the  pur- 
poses of  the  Order  be  madej  with  the  approval  of  the  Board  of  Trade, 
before  the  Order  is  granted,  a  copy  of  such  plan  and  section  (or  of  so 

much  thereof  as  may  be  necessary),  showing  such  alteration,  must, 
before  the  Order  is  introduced  into  a  Confirmation  Bill,  be  deposited 

by  the  promoters  for  public  inspection  :  — 

In  Kngland,  in  the  office  of  the  clerk  of  the  i)eace  for  every  county, 
riding,  or  dlM^siun,  and  of  the  parish  clerk  ot  every  parish,  and  the 
ofticc  of  the  Local  Authority  of  every  district,  affected  by  such  aitera- 
tion ;  and 

In  Scotland,  in  the  office  of  the  principal  sheriff  derk  for  every 
county,  district,  or  division  affected  by  such  alteration. 

Copies  of  such  documents  are  at  the  same  time  to  be  deposited 
at  the  ofilice  of  the  Board  of  Trade,  in  the  office  of  the  clerk  of  the 

Parliaments  and  at  the  Private  Bill  Office. 

Rule  XIX. — When  a  Provisional  Order  has  been  made,  and  before 
ir  is  introduced  into  the  Confirmation  Bill,  the  promoters  will  be 
rc4uaca  to  submit  lo  the  Lloard  of  Trade  the  following  proofs,  \u.  :  — 

(i.)  The  receipt  of  the  cleric  of  the  peace  or  sheriff  clerk,  or  proof  by 

*  The  Board  of  Trade  consider  that  the  price  to  be  here  inserted  should 
not  be  mote  than  one  sluliin^. 
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afiBdavit  of  the  deposit  of  tlie  Order  with  such  officer  as  required  by 

Part  IV.  of  Schedule  B.  to  the  Act. 

(2  )  A  cop}'  of  tlie  local  newspaper  containing  the  advertisement  of 
the  Order.  This  advertisement  must  have  a  short  licadin;^  stating 
that  the  Order  has  been  made  by  the  Board  of  Trade  under  the  I  rani- 
ways  Act,  1870,  previous  to  its  being  introduced  into  a  Confirmation 
Bill,  and  must  also  state  the  name  of  the  office  where  printed  copies 
of  the  Order  can  be  obtained. 

(3.)  Proof  must  also  be  given  tliat  the  advertised  Order  is  a  correct 
copy  of  the  Order  delivered  by  the  Board  of  Trade  to  be  advertised, 
that  it  was  inserted  in  the  newspaper  in  which  the  original  advertise- 
ment of  the  application  for  the  Order  was  published,  and  that  a  suffi- 
cient number  of  printed  copies  of  the  Order  were  deposited  fur  sale  at 
the  oiTice  named  in  the  original  advcrliscment,  with  a  statement  of  the 
price  for  which  they  may  be  obtained. 

(4.)  Receipts  or  proof  by  affidavit  of  the  deposit  of  amended  plans 
as  required  by  Rule  XVIII. 

Printed  forms  for  these  proofs  will  be  furnished  by  the  Board  ot 
Trade  when  the  Order  is  sent  to  the  promoters  to  be  advertised,  and 
one  of  these  forms  must  be  filled  up  by  the  promoters,  and  brought  or 
forwarded  to  the  Department  with  the  requisite  documents  as  soonas 
jKiSsible  after  the  advertisement  and  deposit  have  been  made. 

DEroSiT  OF  MONEY,  PENALTY  FOR  NON-COMPLETION 
OF  TRAMWAYS,  AND  RELEASE  OF  DEPOSIT. 

Rule  XX. — Deposit  of  Money  in  the  Chancery  Division  under 
S^thn  12  0/ Ac/. —After  the  Provisional  Order  is  ready,  and  before 
the  same  is  introduced  by  the  Board  of  Trade  into  a  Confirming  Bill, 
the  promoters  (unless  they  are  a  Local  Authority)  shall,  if  they  are 
not  possessed  of  a  tramway  already  opened  for  public  traffic,  which 
has  during  the  year  last  yjast  paid  dividends  on  their  ordinary  share 
capital,  pay  as  a  deposit  a  bum  of  money  not  less  ihau  live  per  ccaiuin 
on  the  amount  of  the  estimate  of  the  expense  of  the  constraction  of 
the  tramway,  as  follows ;  namely, 
Where  the  tramway  or  any  part  thereof  will  be  situate  in  England 
— to  the  account  of  the  Paymaster-General  for  and  on  behalf  of 
the  Supreme  Court  of  Judicature  in  England  to  the  credit  of  the 
particular  tramway  : 
Where  the  tramway  will  be  situate  wholly  in  Scotland— either  to  the 
account  of  the  Paymaster-General  for  and  on  behalf  of  the 
Supreme  Court  ol  judiLaiuic  lu  Lu^laud  in  maimer  aforesaid,  or 
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(at  the  option  of  the  promoters)  into  a  bank  in  Scotland  estab- 
lished by  Act  of  Parliament  or  Royal  Charter,  in  the  name  and 
with  the  pri\  ityof  the  Queen's  Renicinbr.incer  of  the  Court  ol 
Exchequer  in  Scotland  cx parte  the  particular  tramway. 

The  Board  of  Trade  may  issue  their  warrant  to  the  promoters  for 
Sttch  payment  into  court,  which  warrant  shall  be  a  sufficient  authority 
for  the  persons  therein  named,  not  exceeding  five  in  number,  or  the 
majority  or  survivor  f  them,  to  pay  the  money  therein  mentioned  to 
the  account  of  the  Paymaster- General  for  and  on  behalf  of  the 
Supreme  Court  of  Judicature  in  En^'land  or  into  the  bank  tbercin 
mentioned,  in  the  name  and  with  the  privity  of  the  ofricer  therein 
mentioned,  if  any,  and  for  that  olficcr  to  issue  directions  to  such  bank 
to  receive  the  same,  to  be  placed  to  his  account  there  according  to  the 
method  (prescribed  by  statute,  or  general  rules  or  ordeis  of  court  or 
otherwise)  for  the  time  being  in  force  respecting  the  payment  of 
money  into  the  said  courts  respectively,  and  without  fee  or  reward. 

Provided,  that  in  lieu,  wholly  or  in  part,  of  the  paymmt  of  raoneyi 
the  promoters  may  bring  into  court  as  a  deposit  an  equivalent  sum  of 
bank  annuities,  or  of  any  stocks,  funds,  or  securities  on  which  cash 
under  the  cuiurtjl  of  the  rcbpccli\e  courts  is  for  the  time  beinc^  per- 
mitted to  be  invested,  or  of  exchequer  bills  ^the  value  thereof  beui^ 
taken  at  the  price  at  which  the  promotm  originally  purchased  the 
same,  as  appearing  by  the  broker's  certificate  of  that  purchase) ;  and 
in  that  case  the  Board  of  Trade  shall  vary  their  warrant  accordingly 
by  directing  the  transfer  or  deposit  of  such  amount  of  stocks,  funds, 
securities,  or  exchequer  bills  by  the  persons  therein  named. 

Where  money  is  so  paid  into  the  Supreme  Court  of  Judicature,  the 
court  may,  on  the  application  of  the  persons  named  in  the  warrant 
of  the  lioard  of  Trade,  or  of  the  majority  or  survivors  of  them,  order 
that  the  same  be  invested  in  such  stocks,  funds,  or  securities  as  the 
appUcants  desire  and  the  court  thinks  fit 

In  the  subsequent  provisions  of  these  Rules,  the  term  "the  deposit 
fund"  means  the  money  deposited,  or  the  stocks,  funds,  or  securi* 
ties  in  which  the  same  is  invested,  or  the  bank  annuities,  stocks, 
funds,  securities,  or  exchequer  bills  transferred  or  deposited,  as  the 
case  may  be  ;  and  the  term  "the  depositors"  means  the  persons 
named  in  the  warrant  of  the  Board  of  Trade  authorizing  the  deposit, 
or  the  majority  or  survivors  of  those  persons,  their  executors,  adminis- 
trators,  or  assigns. 

Rule  Penalty  for  Non<ompietwn  of  Tramways.^\i  the 

promoters  empowered  by  the  Order  to  make  the  tramway  are  pos* 
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sessed  of  a  tramway  already  opened  for  public  traffic,  and  which  has 
during  the  ycnr  last  past  paid  dividends  on  their  ordinary  share 
capitnl.  no  deposit  will  bo  required  :  but  if  sucli  promoters  (unless 
they  are  a  Local  Authority)  do  not,  within  the  time  m  the  Order 
prescribed,  or  within  the  time  as  prolonged  by  the  special  direction 
of  the  Board  of  Trade  under  section  18  of  the  Tramways  Act,  1870, 
and  if  none  is  prescribed,  or  if  the  time  has  not  been  prolonged  as 
aforesaid*  then  within  two  years  from  the  passing  of  the  Act  con- 
firming the  Order,  complete  the  tramway  authorized  by  the  Order, 
they  will  be  liable  to  a  penalty  of  ^^50  a  day  for  every  day  after  the 
expiration  of  the  period  so  limited,  until  the  said  tramway  is  com- 
pleted and  opened  for  public  traffic,  or  until  the  sum  received  in 
respect  of  such  penalty  shall  amount  to  live  per  cent,  on  the  esti- 
mated cost  of  the  works  ;  and  the  said  penalty  may  be  applied  for 
by  any  road  auihurity  claiming  to  be  compensated  in  accordance 
with  the  provisions  of  Rule  XXII.,  and  in  the  same  manner  as  the 
penalty  provided  in  the  third  section  of  the  Act  17  18  Vict.  c.  31, 
known  as  **The  Railway  and  Canal  Traffic  Act,  1854/'  and  every 
sum  of  money  recovered  by  way  of  such  penalty  as  aforesaid  shall 
be  paid  under  the  warrant  or  order  of  such  court  or  judg^e  as  is 
specified  in  the  said  third  section  of  the  Art  17  &  18  Vict.  c.  31.  to 
an  account  opened  or  to  be  op!  n  1  in  tlic  name  and  with  the  privity 
of  the  Paymaster- General  for  and  on  behaif  of  the  Supreme  Court  of 
Judicature  in  England  ^thc  Queea'a  Remembrancer  of  the  Court  of 
Exchequer  in  Scotland  (according  as  the  tramway  is  situate  in  Eng- 
land or  Scotland)],  in  the  bank  named  in  such  Order,  and  shall  not 
be  paid  thereout,  except  as  provided  by  Rule  XXIT.,  but  no  penalty 
^11  accrue  in  respect  of  any  time  during  which  it  shall  appear,  by  a 
certificate  to  be  obtained  from  the  Board  of  Trade,  that  the  pro- 
moters were  prevented  from  complctin^^  or  opening'  such  tramway  by 
unforeseen  accident  or  circumstances  beyond  their  control :  Pro- 
vided that  the  want  of  sufficient  funds  will  not  be  held  to  be  a  circum- 
stance beyond  their  control. 

Rule  Application  of  Deposit.— U  the  promoters  em- 

powered by  the  Order  to  make  the  tramway  do  not  within  the  time 
in  the  Order  prescribed,  or  within  the  time  as  prolonged  by  the 
special  direction  of  the  Board  of  Trade  under  section  18  of  the 
Tranawayi  Act,  1870,  and  if  none  is  prescribed,  or  if  the  time  has 
not  been  prolonged  as  aforesaid,  then  within  two  years  from  the 
passing  of  the  Act  confirming:  thp  Order,  complete  the  tramway,  and 
open  it  for  public  traffic,  then  and  in  every  such  case  the  deposit 
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fund,  or  so  much  thereof  as  sh.iH  not  have  been  rep.iid  to  the  ce- 
positors  or  anv  sum  of  money  recovered  by  wax-  of  suci;  peniltyas 
aforesaid),  .shall  be  applicable,  and  after  due  notice  in  il-.e  Zi 
or  Edinburgh  Gaztiie,  as  tlie  ca»e  may  require,  shall  be  appiied 
towards  compensating  all  road  authorities  for  the  expense  incaned 
by  them  in  taking  up  any  tramway  or  materials  connected  theiewitii 
placed  by  the  promoters  in  or  on  any  road  vested  in  or  maintababk 
by  such  road  authorities  respectively^  and  in  making  good  all  damage 
caused  to  such  roads  by  the  construction  or  abandonment  cf  such 
tramway,  and  for  which  expense  or  damage  no  compensation  or 
inadequate  compensation  shall  have  been  paid,  and  shall  be  dis- 
tributed in  satisfaction  of  such  compensation  in  such  manner  and  in 
4»uch  proportions  as  to  the  Supreme  Court  of  Judicature  .n  England, 
or  Court  of  Exchequer  in  Scotland,  as  the  case  may  be,  may  seem 
fit ;  and  if  00  such  compensation  shall  be  payable^  or  if  a  portioo  of 
(he  said  deposit  fund  (or  of  the  sum  or  sums  of  money  recoveradby 
way  of  penalty  aforesaid)  shall  have  been  found  sufficient  to  satisfy 
all  just  claims  in  respect  of  such  compensation*  then  the  saiddepos  t 
fund  (or  the  stim  or  sums  of  money  recovered  by  way  of  persalty 
aforesaid),  or  such  portion  of  it  as  may  not  be  required  as  aforesaid, 
shall  in  the  discretion  of  the  court  if  the  promoters  are  a  company 
and  a  receiver  has  been  appointed,  or  if  such  company  is  insolvent 
and  has  been  ordered  to  be  wound  up,  be  paid  or  transferred  to  sod* 
receiver,  or  to  the  liquidator  or  liquidators  of  the  company,  or  be 
applied  in  the  discretion  of  the  court  as  part  of  the  assets  of  the 
company,  for  the  benefit  of  the  creditors  thereof.  Subject  to  sadi 
application  as  aforesaid,  the  deposit  fund  may  be  repaid  or  le-trans* 
ferred  to  the  depositors  or  as  they  shall  direct. 

Rule  XXWl.—Rtlease  of  Deposit.— X\\q.  court  in  which  tb* 
deposit  is  made  shall,  on  the  application  of  the  depositors,  order  the 
deposit  fund  to  be  paid  or  transferred  to  the  applicaats,  or  as  they 
shall  direct,  if,  within  the  time  by  the  Order  prescribed,  orwitlitt 
the  time  prolonged  by  the  special  direction  of  the  Board  of  Tiade 
under  section  18  of  the  Tramways  Act,  1870,  and  if  none  is  pif 
scribed,  or  if  the  time  has  not  been  prolonged  as  aforesaid,  tba 
within  two  years  from  the  passing  of  the  Act  confirming  the  Order, 
the  promoters  thereby  empowered  to  make  the  tramway,  complete  it 
and  open  it  for  public  traffic  after  inspection  by  an  inspector  ap- 
pointed by  the  Board  of  Trade,  and  upon  a  certiticate  of  the  Board 
of  Trade  that  the  tramway  is  fit  for  public  trafl&c,  as  provided  by 
Rule  XXV. :  Provided,  that  if  within  such  time  as  aforesaid  any 
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portion  of  a  line  of  tramway  authorized  by  an  Order  is  opened  for 
public  traffic,  after  such  inspection  as  aforesaid,  and  on  such  certifi- 
cate under  Rule  XXV.  as  aforesaid,  then  on  the  production  of  a 
certificate  of  the  Board  of  Tiade,  specifying  the  length  of  the  portion 
of  the  tramway  opened  as  aforesaid,  and  the  portion  of  the  deposit 
fund  which  bears  to  the  whole  of  the  deposit  fond  the  same  propor- 
tion as  the  length  of  the  tramway  so  opened  bears  to  the  entire 
length  of  the  tramway  authorized  by  the  Order,  the  court  in  which 
the  deposit  is  made  shall,  on  the  application  of  the  depositors,  order 
the  said  portion  of  the  deposit  fund  so  specified  in  such  certificate 
as  aforesaid  to  be  paid  or  transferred  to  them,  or  as  they  shall 
direct. 

Rule  XXIY .—AfisceOaneous  as  to  Deposits, — The  depositors 
shall  be  entitled  to  receive  payment  of  any  interest  or  dividends 
from  time  to  time  accruing  on  the  deposit  fund  while  in  conrr  :  and 
the  court  in  which  the  deposit  is  made  may  from  time  to  tune,  on 
the  application  of  the  depositors,  n^akc  such  order  as  seems  fit 
respecting  the  payment  of  the  mterest  or  dividends  accordmgiy. 

If  either  House  of  Parliament  refuse  to  confirm  any  Provisional 
Order  in  respect  whereof  a  deposit  has  been  made  under  these  rules, 
or  authorize  a  portion  only  of  any  tramway  comprized  in  such  Order, 
or  if  any  such  Provisional  Order  be  withdrawn  before  the  same  is 
confirmed  by  Parliament,  the  court  shall,  upon  prod  n  t 'on  of  a  cer- 
tificate of  the  Board  of  Trade,  order  the  deposit  fund  or  a  propor- 
tionate part  thereof,  as  the  ca&e  may  be,  to  be  paid  to  the  depositors, 
or  as  ihey  shall  direct. 

The  issuing  in  any  case  of  any  warrant  or  certificate  relating  to 
deposit  or  to  the  deposit  fund,  or  any  error  in  any  such  warrant  or 
certificate  or  in  relation  thereto,  shall  not  make  the  Board  of  Trade, 
or  the  person  signing  the  warrant  or  certificate  on  their  behalf,  in 
any  manner  liable  for  or  in  respect  of  the  deposit  iund,  or  the  interest 
of  or  dividends  on  the  same,  or  any  part  thereof  respectively. 

Any  application  under  these  Rules  to  the  Supreme  Court  of  Judi- 
cature shall  be  made  in  a  summary  manner  by  summons  at 
Chambers. 

OPENING  OF  TRAMWAYS. 

Rule  XXV'.— The  promoters  shall  give  to  the  Board  of  Trade  at 
least  14  days'  notice  in  writing  of  their  intention  to  open  any  tram- 
way, or  pcntion  of  a  tramway,  and  such  tramway  or  portion  of 
tramway,  shall  not  be  opened  for  public  traffic  until  an  Inspector 
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appointed  by  the  Board  of  Trade  has  inspected  the  same,  and  "hr 
Board  of  Trade  lias  certilied  that  it  is  fit  for  such  traffic.  loe 
above-mentioned  notice  should  be  accompanied  by  the  foUowing 
iiocumenib,  viz.  ; 

(i.)  A  copy  of  the  Act  or  Provisional  Order  aathoming  the  con* 
stroction  of  the  tramways. 

(2.)  A  copy  or  tractsig^  of  so  much  of  tbe  deposited  plans  and  sec- 
tions as  relates  to  the  portion  of  tramway  proposed  to  be  opeoed, 
distinguishing  betur  rr  double  and  single  line,  and  showing  in  icd 
ink  any  variations,  therefrom  in  the  tramways  as  constructed. 

(3.)  A  list  of  the  local  and  road  authorities  concerned. 

(4,)  A  diai^ram  of  the  lines  submitted  for  inspection,  on  a  scale  of 
about  two  inches  to  a  mile. 

PROLONGATION  OF  TIME  FOR  THE  COMMENCEMENT 
OR  COMPLETION  OF  WORKS. 

The  Board  of  Trade,  under  the  powers  conferred  upon  them  bj 
section  18  of  the  Tramways  Act,  1870,  have  made  the  following 
Rules  witli  respeet  to  application^  for  a  prolongation  of  time  for  the 
commencement  or  the  completion  of  the  works  autboiued  by  any 
Order  made  under  the  above-named  Act  : — 

1.  Ihe  application  should  be  in  the  form  of  a  memorial  seltiui 
forth  the  grounds  on  which  the  application  is  made,  and  must  be 
made  at  least  one  month  before  the  expiration  of  the  time  presciibed 
for  the  commencement  or  the  completion  of  the  worits,  as  the  case 
may  be. 

2.  The  promoters  of  any  tramway  undertaking  authorized  by  any 
Order,  who  intend  to  apply  to  the  Board  of  Trade  for  a  prolong.it  or. 
of  the  time  limited  for  the  commencement  or  the  completion  of  ihe 
works  authorized  by  such  Order,  shall  publish  by  adverti!>tme3t. 
once  at  least  in  each  of  two  successive  weeks,  in  some  one  and  the 
same  newspaper  published  in  the  district  affected  by  such  Order,  t 
notice  of  their  intention  to  apply  to  the  Board  of  Trade  for  a  pio* 
longation  of  time. 

3.  The  notice  must  state  the  period  to  which  it  is  proposed  to 
prolong  the  time  limited  for  the  commencement  or  the  completion  of 
the  works,  as  the  case  may  be,  and  must  contain  a  notification  that 
ail  persons  desirous  of  making  any  representation  to  the  Board  of 
Trade,  or  of  bringing  before  them  any  objection  respecting  the 
ap]jiication,  may  do  so  by  letter  addressed  to  the  Assistant  Secre- 
tary (Railway  Department),  Board  of  Trade,  on  or  before  a  day  t^' 
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be  named  in  the  advertisement,  beini;  not  less  than  21  days  from  the 
date  of  the  first  publication  of  the  advertisement,  and  that  copies  of 
their  representations  or  objections  should  at  the  same  time  be  sent 
to  the  promoters. 

4.  A  simiUur  notice  must  be  delivered  to  every  local  and  road 
authority  be/ore  the  second  publication  of  the  notice.  Copies  of 
newspapers  containing  the  notice,  and  a  statement  that  a  copy  of  it 
has  been  duly  served  on  the  local  and  road  authorities  as  required 
by  these  Rules,  must  be  sent  to  the  Board  of  Trade  with  the  appli- 
cation. 

5.  Before  the  Board  or  Trade  comply  with  the  application,  they 
will  impose  such  conditions  (if  any)  as  they  think  lit. 
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III.— Forms  of  Byelaws  axd  Rkgulaxions  issued 

BY  THE  BOAEU)  OF  TRADE — 

(i)  FOK  A  r^OCAL  ArTH<1KIT\  . 

(u>  For  a  Tramway  Company. 

(iii)  With  respect  to  the  Use  of  Stea^c  Powek. 

(iv)  With  respect  to  Electric  Traction. 


(1.) 

BYELAWS  AND  REGULATIONS  MADE  BY  THE  LOCAL 
AUTHORITY.  UNDER  SECTION  46  OF  THE  TRAM- 
WAYS ACT,  1870. 

1.  For  the  purpose  of  these  Byelaws  and  Rej,'ulations  the  tern 
**  car"  shall  mean  any  [eng^ine  or]  carriage  using  any  tramway  UiJ 
down  within  the  said  ^borough],  and  the  terms  "  driver  "  and  '*  con- 
ductor "  shall  respectively  mean  the  driver  and  conductor  or  ocfacr 
person  having  charge  of  a  [an  eni,nne  or]  car. 

2.  The  driver  of  every  car  shall  cause  the  same  to  be  dnven  at  a 
speed  ot  not  less  than  ffourj  miles  an  hour  on  the  average,  and  not 
exceeding  eigiii  nuies  an  hour. 

3.  The  driver  of  every  car  shall  so  drive  the  same  that  it  shall  noC 
follow  a  preceding  car  at  a  less  distance  than  *  yards. 

4.  Suhject  to  the  requirements  of  Byelaws  Nos.  3  and  5,  the  driver 
or  conductor  of  a  car  shall  stop  the  same  for  the  purpose  of  setting 
down  or  taking  up  passengers,  when  required  by  any  passenger 

desiring,'  to  leave  the  car,  or  by  any  person  desirous  of  travelling  b 
the  car,  for  whom  there  is  room,  and  to  wh^^e  admission  no  valid 
objection  t  an  be  made  :  Pronded  that  nothin  .  m  this  Byelaw  shall 
require  a  car  to  be  stopped  on  any  gradient  steeper  than  1  in  25. 

*  This  distance  should  be  not  less  than  10  nor  moie  than  150  yaids 
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5.  Except  at  a  passing  place  or  terminus,  no  car  shall  be  stopped 
at  the  intersection  or  junction  of  two  or  more  streets  or  roads,  nor 
within  [ten]  yards  of  a  car  on  an  adjoining  line  of  rails. 

6.  The  driver  of  a  car,  on  comint''  in  sight  of  a  vehicle  standing  or 
travelling  on  any  part  oi  tiie  road  so  as  not  to  leave  suthcient  space 
for  the  car  to  pass,  shall  sound  hU  bell  or  whistle  as  a  warning  to 
the  person  in  charge  of  such  vehicle,  and  that  person  shaU,  with 
reasonable  dispatch,  cause  such  vehicle  to  be  removed  so  as  not  to 
obstruct  the  car. 

7.  No  person  shall  in  any  way  wilfully  impede  or  interfere  with  the 
traffic  on  the  tramways,  nor  shall  any  driver  or  conductor  needlessly 
cause  interruption  to  the  ordinary  road  traffic. 

8.  Every  driver,  conductor,  or  other  person  offending  against  any 

of  these  Byelaws  and  Regulations  shall  be  liable  to  a  penalty  not 
exceeding  forty  shillings  for  each  offence,  and  not  exceeding  for  any 
continuing  offence  ten  shillings  for  every  day  during  which  the 
offence  continues. 

\Htre  insert  any  £yclaws  to  meet  special  cases^ 

9.  These  Byelaws  shall  come  into  force  on  the  day 
of  18 

The  Comnmn  Seal  of  the  said  Mayor,  Aldermen,  and  Burgesses, 
affixed  by  order  of  the  Council  of  the  said  Borough  at  a  meet- 
ing of  such  Council  held  on  the  day  of 
in  the  presence  of 

Mayor. 

by  Town  Clerk. 

1  hereby  certify  that  a  true  copy  of  the  foregoing  Byelaws  and 
Regulations  has,  in  accordance  with  the  provisions  of  section  -^6  of 
the  Tramways  Act,  1870,  been  laid  before  tlie  Board  of  Trade  not 
less  than  two  calendar  months  before  such  Byelaws  and  Regulations 
cauic  into  operation,  and  that  such  livclawsand  Regulations  have 
not  been  disallowed  by  the  Board  <j\  Trade  within  the  said  two 
calendar  months. 

An  Assistant  Secretary  to  the  Board  of  Trade* 

day  of  189  . 
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(II.) 

BYELAWS  AND  REGULATIONS  MADH  RY  THE  COM- 
PANY UNDI.R  nil-  TOWERS  CONFHRKED  ON  iK£ 
COMPANY  iiV  Till.  TRAMWAYS  ACT,  1870. 

1.  The  Byelaws  and  Rogulatior  hereinafter  set  forth  shaU 
extend  and  apply  to  all  carria>;es  of  the  Company,  and  to  all  places 
with  respect  to  which  the  Company  have  power  to  make  Byelaws  or 
Regulations. 

2.  Kver)' passonc^er  shall  enter  or  depart  from  a  carriage  by  tht 
hindermo!»t  or  conductor's  platform,  and  not  othi  rwise. 

3.  No  passenger  shall  smoke  inside  any  carriage. 

No  passencrer  or  other  person  shall,  wliile  travelling  in  or  opOQ 
any  carriage,  play  or  perform  upon  any  musical  instrument. 

5.  A  person  in  a  state  of  intoxication  shall  not  be  allowed  to  enter 

or  mount  upon  any  carrinc^e,  and  if  found  in  or  upon  any  carriage 
shall  be  immediately  removed  by  or  under  the  direction  of  the  con- 
ductor, 

6.  No  person  shall  swear  or  use  obscene  or  offensive  language 
whilst  in  or  upon  any  carriage,  or  commit  any  nuisance  in  or  upon 
or  against  any  carriage,  or  wilfully  interfere  with  the  comfort  of  any 
passenger. 

7.  No  person  shall  wilfully  cut,  tear,  soil,  or  damage  the  cushions 
or  the  linings,  or  remove  or  deface  any  number  plate,  printed  or 
other  notice,  in  or  on  the  carriage,  or  break  or  scratch  any  windoir 
o£  or  otherwise  wilfully  damage  any  carriage.  Any  person  acting  in 

contravention  of  this  Regulation  shall  be  liable  to  the  penalty  pre- 
scribed by  these  Byelaws  and  Regulations,  in  addition  to  tbeliabiliQT 
to  pay  the  amount  of  any  damage  done. 

8.  A  person  whose  dress  or  clothing  might,  in  the  opinion  of  the 
conductor  of  a  carriage,  soil  or  injure  the  linings  or  cushions  of  the 
carriage,  or  the  dress  or  clothing  of  any  passenger,  or  a  person  who, 
in  the  opinion  of  the  conductor,  might  for  any  other  rea^  be  offen- 
sive to  passengers,  shall  not  be  entitled  to  enter  or  remain  in  the 
interior  of  any  carriage,  and  may  be  prevented  from  entering  the 
interior  of  any  carriage,  and  shall  not  enter  the  interior  of  any  car- 
riage after  having  been  requested  not  to  do  so  by,the  conductor,  and, 
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if  found  in  the  interior  of  any  carriag"e,  shall,  on  request  of  tlie  con- 
ductor, leave  the  interior  of  the  carriage  upon  the  fare,  if  previously 
paid,  being-  returned. 

9.  Each  passenger  shall,  upon  demand,  pay  to  the  conductor  or 
Other  duly  authorised  officer  of  the  Company  the  fare  legally  demand- 
able  for  the  journey. 

io«  Each  person  shall  show  his  Ticket  (if  any)  when  required  so  to 
do  to  the  conductor  or  any  duly  authorised  servant  of  the  Company, 
and  shall  also,  when  required  so  to  do  either  deliver  up  his  Ticket  or 
pay  the  fare  legally  demandable  for  the  distance  travelled  over  by 
such  passenger. 

ri.  A  passenger  not  being  an  artisan,  mechanic,  or  daily  labourer, 
within  the  true  intent  and  meaning-  of  the  Acts  of  Parliament  relat- 
ing to  the  Company,  sliall  not  use  or  attempt  to  use  any  Ticket 
intended  only  for  sucli  artisans,  mechanics,  or  daily  labourers. 

12.  Personal  or  other  luggage  (including  the  tools  of  artisans, 
mechanics,  and  daily  labourers)  shall,  unless  otherwise  permitted 
by  the  conductor,  be  placed  on  the  front  or  driver's  platform,  and 
not  in  the  interior  or  on  the  roof  of  any  carriage. 

13.  No  passenger  or  other  person  not  being-  a  servant  of  the  Com- 
pany shall  be  permitted  to  travel  on  the  steps  or  platforms  of  any 
carriage,  or  stand  cither  on  the  roof  or  in  the  interior,  or  sit  on  the 
outside  rail  on  the  roof  of  any  carriage,  and  shall  cease  to  do  so 
immediately  on  request  by  the  conductor. 

14.  No  person,  except  a  passenger  or  intending  passenger,  shall 
enter  or  mount  any  carriage,  and  no  person  shall  hold  or  hang  on  by 
or  to  any  part  of  any  carriage,  or  travel  therein  otherwise  than  on  a 
seat  provided  for  passengers. 

15.  When  any  carriage  contains  the  full  number  of  passengers 

■which  it  is  licensed  to  contain,  no  additional  person  shall  enter, 
mount,  or  remain  in  or  on  any  such  carriage  when  warned  by  the 

conductor  not  to  do  so. 

16.  When  a  carriage  contains  the  full  licensed  number  of  passen- 
gers, a  notice  to  that  effect  shall  be  placed  in  conspicuous  letters 

a,nd  in  a  conspicuous  position  on  the  carriage. 

17.  The  conductor  shall  not  permit  any  passenger  beyond  the 
licensed  number  to  enter  or  mount  or  remain  in  or  upon  any  part  of 
a  carriage. 

18.  No  person  shall  enter,  mount,  or  leave,  or  attempt  to  enter, 
mount,  or  leave,  any  carriage  whilst  in  motion. 
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19.  No  dog  or  other  animal  shall  be  allowed  in  or  on  a&y  cv< 

tiage,  except  by  the  permission  of  the  conductor,  nor  in  any  case  is 
which  the  conveyance  of  such  dog  or  other  animal  mig-ht  be  offensive 
or  an  annoyance  to  passengers.  No  person  shall  take  a  dog  01 
other  animal  into  any  carriage  after  having  been  requested  not  to  do 
so  by  the  conductor.  Any  do^r  or  other  anima!  taken  into  or  on  anv 
carriage  iji  breach  of  thi^  Kegulaiion  shall  be  removed  by  the  persca 
in  charge  of  such  dog  or  other  animal  from  the  carria^^e  immediatdr 
upon  request  by  the  conductor,  and  in  default  of  compliance  with 
such  request  may  be  removed  by  or  under  the  direction  of  the  coc- 
ductor. 

20.  No  person  shall  travel  in  or  on  any  carriage  of  the  Compsny 
with  loaded  fire-arms. 

21.  No  passenger  shall  wilfully  obstruct  or  impede  any  officer  or 
servant  of  the  Company  in  the  execution  of  his  duty  upon  or  in  coo- 
nexion  with  any  carriage  or  tramway  of  the  Company. 

22.  The  conductor  of  each  carriai^'e  shall  enforce  or  prevent  the 
breach  of  these  Hyelaws  and  Re<;ulations  to  the  best  of  his  ability. 

23.  Any  person  offending  against  or  committing  a  breach  of  any 
of  these  Byelaws  or  Re^^ulatiuns  shall  be  liable  to  a  penally  not  ex- 
ceeding Forty  Shillings. 

24.  The  ex})ressinn  "conductor"  shall  include  anv  officer  or 
servant  in  the  employment  of  the  Company  and  having  chaise  of  j 
carriage. 

25.  There  shall  be  placed  and  kept  placed  in  a  conspicuou-s 
position  inside  of  each  carriage  in  use  a  printed  copy  of  these  Bye- 
laws  and  Regulations. 

26.  These  Byelaws  shall  come  into  force  on  the  daj 
of  »  189  . 

Secretary  of  the  Company. 

1  hereby  certify  that  a  true  copy  of  the  foregoing-  Byelaws  and 
Keguialiuns  has,  in  accordance  wiUi  the  provisions  of  s.  4O  of  lae 
Tramways  Act,  i8;o,  been  laid  before  the  Board  of  Trade  not  less 
than  two  calendar  months  before  such  Byelaws  and  Regolatloas 
came  into  operation,  and  that  such  Byelaws  and  Regulations  haw 
not  been  disallowed  by  the  Board  of  Trade  within  the  said  ivo 
calendar  months. 

An  Assistant  Secretary  to  the  Board  0/  Iradi. 

1S9  . 
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(III.) 

REGULATIONS  AND  BYELAWS  MADE  BY  THE  BOARD 
OF  TRADE  WITH  RESPECT  TO  THE  USE  OF  STEAM 
[OR  ANY  MECHANICAL]  POWER  ON  TRAMWAYS. 

The  Board  of  Trade  under  and  by  virtue  of  the  powers  conferred 
upon  them  in  this  behalf,  do  hereby  order  that  the  following  Regula- 
XvQfSA  for  securing  to  the  public  reasonable  protection  against  danger 
in  the  exercise  of  the  powers  conferred  by  Parliament  with  respect  to 
the  use  of  steam  (\)r  any  mechanical]  power  on  all  or  any  of  the 
tramways  on  which  the  use  of  such  power  has  been  authorised  by  the 

(hereinafter  called  the  tramways  ") 
be  [added  to]  or  [substituted  for]  all  other  Regulations  in  this  behalf 
contained  in  any  Tramway  Act  or  Tramway  Order  confirmed  by  Act 
ut  Parliament  or  in  any  Order  of  the  Board  of  Trade  heretofore  made 
thereunder : 

And  the  Board  of  Trade  do  aU6  hereby  [make  the  following  Bye* 
laws]  or  [rescind  and  annul  all  Byelaws  heretofore  made  by  them 
with  regard  to  all  or  any  of  the  tramways  afoiesaid,  and  do  hereby 
make  the  following  Byelaws],  or  [in  addition  to  the  Byelaws  already 
made  by  them]  with  regard  to  all  or  any  of  such  tramways : — 

RegllatiONS. — I.  The  engine  or  engines  to  be  used  on  the 
tramways  shall  comply  with  the  following  requirements,  that  is  to 
say : — 

(tf.)  Each  coupled  wheel  shall  be  fitted  with  a  break  block,  which 
can  be  applied  by  a  screw  or  treadle  or  by  other  means,  and 
also  by  steam. 

(^.)  A  governor  (which  cannot  be  tampered  with  by  the  driver) 
shall  be  attached  to  each  engine,  and  shall  be  so  arranged 
that  at  any  time  when  the  engine  exceeds  a  speed  of  \ten] 
miles  an  hour  it  shall  cause  the  steam  to  be  shut  off  and  the 
break  applied. 

(c)  Each  engine  shall  be  numbered  and  the  number  shall  be 
shown  in  a  conspicuous  part  thereof* 
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(tf.)  Each  cni^inc  shall  be  fitted  with  indicator  by  mean?  -f 
wliich  the  speed  is  shown  ;  with  a  suitable  fender  t  >  push 
aside  obstructions ;  and  with  a  special  bell  [or  whistle,  or 
other  apparatus]  to  be  sounded  as  a  warning  when  neces- 
sary. 

(t'.)  Arrangements  shall  be  made  enabling  the  driver  to  com- 
mand the  fullest  possible  view  of  the  road  before  him. 

(^)  Each  engine  shall  be  free  from  noise  produced  by  blast  and 
from  the  clatter  of  machinery  such  as  to  constitute  any 
reasonable  ground  of  complaint  either  to  the  passengers  or 
to  the  public ;  the  machinery  shall  be  concealed  ftom  view 
at  all  points  above  four  inches  from  the  level  of  the  rails, 
and  all  fire  used  on  such  engines  shall  be  concealed  to 
view, 

II.  Evexy  carriage  used  on  the  tramways  shall  be  so  constncted 
as  to  provide  for  the  safety  of  passengers,  and  for  their  safe  entrance 
to,  exit  from,  and  accommodation  in,  such  carriages,  and  for  their 
protection  from  the  machinery  of  any  engine  used  for  drawisg  or 
propelling  such  carriages. 

III.  The  Board  of  Trade  and  their  officers  may,  from  time  to 
time  and  shall  on  the  application  of  the  Local  Authority  of  any  of 
the  districts  through  which  the  said  tramways  pass,  inspect  such 
cng-ines  or  cnrriag^es  used  on  the  tramways  and  the  machinen- 
therein,  and  may,  whenever  they  think  tit.  prohibit  the  use  on  the 
tramways  of  any  of  them  which  in  their  opinion  are  not  safe  for  use. 

IV.  The  speed  at  which  such  engines  and  carriages  shall  be 
driven  or  propelled  along  the  tramways  shall  not  exceed  the  rate 
[ei^hf]  miles  an  hour,  and  the  speed  at  which  such  engine^  and 
carriages  shall  pass  through  facing-points,  whether  fixed  or  raovabk, 
shall  not  exceed  the  rate  of  /aitr  miles  an  hour. 

V.  The  engines  and  carriages  shall  be  connected  by  double 
couplings. 

VI.  Every  engine  running  on  the  tramways  shall  cany  a  lamp  or 
lamps  placed  in  a  conspicuous  position  in  the  fbont  of  the  eogioc. 

and  such  lamp  or  lamps  shall  be  kept  lighted  from  sunset  to  sunris*. 
or  when  there  is  a  fog,  and  shall  show  when  lighted  a  bright  colouied 
light. 

{Here  to  follow  any  s^ial  Regulations  thai  may  be  t^Kssarj^ 
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V'^II.  The  speed  of  the  engines  and  carriages  shall  not  exceed  the 
rate  of /our  miles  an  hour  at  the  following  places 

Penaliy, — No^* — Any  Company  or  person  using  steam  [or  any 
mechanical]  power  on  the  tramways  contrary  to  any  of  the  above 
Regulations  is  for  every  such  offence  subject  to  a  penalty  not  ex- 

ceeding  ten  pounds,  and  also  in  the  case  of  a  continuing"  offence  fo  a 
further  penalty  not  exceeding  tive  pounds  for  every  day  after  the 
first,  duriog  which  such  otteuce  continues. 

BvtLAWS. — 1.  The  special  bell  [or  whistle,  or  other  apparatus] 
shall  be  sounded  by  the  driver  of  the  engine  from  time  to  time  when 
it  is  necessary  as  a  warning. 

II.  No  smoke  or  steam  shall  be  emitted  from  the  engines  s.o  as  to 
constitute  any  reasonable  ground  of  complaint  to  passengers  or  to 

the  public. 

III.  Whenever  it  is  necessary  to  avoid  impending  danger,  the 
engine  shall  be  brought  to  a  standstill. 

IV.  The  entrance  to  and  exit  from  the  carriages  shall  be  by  the 
hindermost  or  conductor's  filatform. 

[Here  to /oliaw  any  special  Byeiaws  tJiat  may  be  necessary.] 

V.  'i  he  engines  and  carriages  shall  be  brought  to  a  staudstill 
immediately  before  reaching  tiic  ioiiowing  points  : — 

VI.  A  printed  copy  of  the  foregoing  Regulations  and  Byclaws, 
and  of  all  additional  Regulations  and  Byeiaws  hereafter  made,  shall 
be  placed,  and  kept  piaced,  in  a  conspicuous  position  inside  of  each 
carriage  in  use  on  the  tramways. 

Penalty* — Note, — ^Any  person  or  corporation  offending  against  or 
committing  a  breach  of  any  of  these  Byeiaws  is  liable  to  a  penalty 

not  exceeding  forty  shillings. 

The  provisions  of  the  Tramways  Act,  1870,  with  respect  to  re- 
covery of  penalties  is  applicable  to  the  penalties  for  the  breach  of 
these  Regulations  or  Byeiaws. 

Signed  by  order  of  the  Board  of  Trade  this        day  of       189  . 

An  Assistant  Secretary  to  the  Board 0/ Trade. 
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(IV.) 

REGULATIONS  MADE  BY  TMK  BOARD  OF  TRADE  UX'^HR 
THE  PROVISIONS   OF  THE  TRAMW A 

ACT,  FOR  REGULATING  THE  EMPLOYMENT  OF 
INSULATED  RETURNS,  OR  OF  UNINSULATED  ME- 
TALLIC RETURNS  OF  LOW  RESISTANCE  ;  FOR  PRE> 
VENTING  FUSION  OR  INJURIOUS  ELECTROLYTIC 
ACTION  OF  OR  ON  GAS  OR  WATER  PIPES  OR  OTHER 
METALLIC  PIPES,  STRUCTURES,  OR  SUBSTANCES; 
AND  FOR  MINIMISING  AS  FAR  AS  IS  REASONABLY 
PRACTICABLE  INJURIOUS  INTERFERENCE  WITH 
THE  ELECTRIC  WIRES,  LINES,  AND  APPARATUS  OF 
PARTIES  OTHER  THAN  THE  COMPANY,  AND  THE 
CURRENTS  THEREIN,  WHETHER  SUCH  LINES  DO  OR 
NOT  USE  THE  EARTH  AS  A  RETURN. 

DFFixrnON<.-- In  the  followine:  regulntions— The  expressicm 
"  energy  "  means  electrical  ener^-^y.  The  expression  "generator'* 
means  the  dynarao  or  dynamos  or  other  electrical  apparatus  used 
for  the  generation  of  energy,  i  he  expression  *' motor"  means  any 
electric  motor  carried  on  a  car  and  used  for  the  conversion  of  energy. 
The  expret^cm  *'pipe"  means  any  gas  or  water  pipe  or  other 
metallic  pipe,  structure,  or  substance.  The  expression  "wire* 
means  any  wire  or  apparatus  used  for  telegraphic,  telephonic,  elec* 
tiical  signalling  or  other  similar  purposes.  The  expression  "  cur- 
rent*' means  an  electric  current  exceeding  one-thousanth  part  of  one 
ampere.  The  expression  The  Company  "  has  the  same  meaning 
as  in  the  Tramways  Act. 

Regulatioks* — I.  Any  dynamo  used  as  a  generator  shall  be  ol 
such  pattern  and  construction  as  to  be  capable  of  producing  a  coo* 
tinuous  current  without  appreciable  pulsation.* 

2.  One  of  the  two  conductors  used  for  transmitting  energ>-  from 

♦  The  Bojrd  of  Trade  will  be  prepared  to  consider  the  issue  of  rcgulatlOSS 
for  the  use  of  alternating  currents  tor  dectricai  traction  ou  appUcatiou. 
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the  generator  to  the  motors  shall  be  in  cvety  case  insulated  from 
earth,  and  is  hereinafter  referred  to  as  the  "  line'* ;  the  other  may 

be  insulated  throughout,  or  may  be  uninsulated  in  such  parts  and  to 
such  extent  as  is  provided  in  the  following  regulations,  and  is  herein- 
after  referred  to  as  the  "  return." 

3.  Where  any  rails  on  which  cars  run  or  any  conductors  laid 
between  or  within  three  feet  of  such  rails  form  any  part  of  a  return, 

such  part  may  be  uninsulated.   All  other  returns  or  parts  of  a  return 

shall  be  insulated,  unless  of  such  sectional  area  as  will  reduce  the 
difference  of  potential  between  the  ends  of  the  uninsulated  portion  of 
the  return  below  the  limit  laid  down  in  Regulation  7. 

4.  When  any  uninsulated  conductor  laid  between  or  within  three 
feet  of  the  rails  forms  any  part  of  a  return,  it  shall  be  electrically 
connected  to  the  rails  at  distances  apart  not  exceeding  too  feet 

by  means  of  copper  strips  having-  a  sectional  area  of  at  least 
ciie-sixteeath  of  a  square  inch,  or  by  other  means  of  equal  conduc- 
tivity. 

5.  When  any  part  of  a  return  is  uninsulated  it  shall  be  connected 
with  the  negative  terminal  of  the  generator,  and  in  such  case  the 
negative  terminal  of  the  generator  shall  also  be  directly  connected, 

through  the  current-indicator  hereinafter  mentioned,  to  two  separate 
earth  connections  which  shall  be  placed  not  less  than  20  yards 

apart. 

Provided  that  in  place  of  such  two  earth  connections  the  Com- 
pany may  make  one  connection  to  a  main  for  water  supply  of  not 
less  than  three  inches  internal  diameter,  with  the  consent  of  the  owner 
thereof  and  of  the  person  supplying  the  water,  and  provided  that 
where,  from  the  nature  of  the  soil  or  for  other  reasons,  the  Company 
can  show  to  the  satisfaction  of  an  inspecting  officer  of  the  Board  of 
Trade  that  the  earth  connections  herein  specified  cannot  be  con- 
structed and  maintained  without  undue  expense  the  provisions  of 
this  regulation  shall  not  apply. 

The  earth  connections  referred  to  in  this  regulation  shall  be  con- 
structed, laid,  and  maintained  so  as  to  secure  electrical  contact 
iftith  the  general  mass  of  earth,  and  so  that  an  electro*mottve  force, 
not  exceeding  four  volts,  shall  suffice  to  produce  a  current  of  at 
least  two  amperes  from  one  earth  connection  to  the  other  through 
the  earth,  and  a  test  shall  be  made  at  least  once  in  every  month  to 
ascertain  whether  this  requirement  is  complied  with. 

No  portion  of  either  earth  connection  shall  be  placed  within  6  feet 
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nf  .inv  pipe  except  .1  main  for  water  supply  of  not  le^s  than  \  inches 
intcriKiI  diameter  which  is  metalltoally  cnriected  to  the  earth  CfiO- 
nections  with  the  consents  hereinbefore  ^pccitied. 

6.  When  the  return  is  partly  or  entirely  uninsulated  the  Conpaaf 
shall  in  the  construction  and  maintenance  of  the  tramway  {d\  so 
separate  the  uninsulated  return  from  the  general  mass  of  earth,  and 

from  any  pipe  in  the  vicinity  ;  'J>)  so  connect  tog^ether  the  several 
lengths  of  the  rails;  (r)  adopt  such  means  for  reducing  thedifiei- 
ence  proiiut  ed  by  the  current  between  the  potential  of  the  unin- 
sulated return  at  any  one  point  and  the  potential  of  the  uninsulated 
xetuni  at  any  other  point ;  and  so  maintain  the  efficiency  of  Ae 
earth  connections  specified  in  the  preceding  regulations  as  to  fulfil 
the  following  conditions*  viz : — 

(i.)  Tiial  the  current  pabbing  from  llie  earth  connectiuns  through 
the  indicator  to  the  generator  shall  not  at  any  time  eicccd 
either  two  amperes  per  mile  of  single  tramway  line  or  five  per 
cent,  of  the  total  current  output  of  the  station. 

^ii.)  That  if  at  any  time  and  at  any  place  a  test  be  made  by  con- 
necting a  galvanometer  or  other  current*indicator  tothennio- 
sulated  return  and  to  any  pipe  in  the  vicinity,  it  shall  always  lie 
possible  to  reverse  the  direction  of  any  current  indicated  by  in- 
terposing a  battery  of  three  Leclanch6  cells  connected  in  series  if 
the  direction  of  the  current  is  from  the  return  to  the  pipe,  orby 
interposing'  one  Leclanchc  cell  if  the  direction  of  the  currents 
from  the  pipe  to  the  return. 

In  order  to  provide  a  continuous  indication  that  the  oonditioo  (i| 
is  complied  with,  the  Company  shall  place  in  a  conspicuous  positioo 
a  suitable^  properly  connected*  and  correctly  marked  current- 
indicator,  and  shall  keep  it  connected  during  the  whole  time  that  the 

line  is  charged. 

The  owner  of  any  such  pipe  may  require  the  Company  t  j  pcnait 
him  at  reasonable  times  and  intervals  to  ascertain  bv  te^t  that  th< 
conditions  specihed  in  (ii)  are  complied  with  as  regards  his  pipe. 

7.  When  the  return  is  partly  Or  entirely  uninsulated  acootinuous 
record  shall  be  kept  by  the  Company  of  the  difference  of  poteniial 
during"  the  workinc^  of  the  tramway  between  the  points  of  the  un;n- 
sulated  return  furthest  from  and  nearest  to  the  generating  station.  U 
at  any  lime  such  dilierence  of  potential  exceeds  the  limit  of  sevon  voits, 
the  Company  shall  take  immediate  steps  to  reduce  it  below  that  lioit 
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8.  Every  electrical  connection  with  any  pipe  shall  be  so  arranged 
as  to  admit  of  easy  examination,  and  shall  be  tested  by  the  Com- 
pany at  least  once  in  every  three  monilis. 

0.  Every  line  and  every  insulated  return  or  part  of  a  return  except 
any  feeder  shall  be  constructed  in  sections  not  exceeding  one-half  of 
a  mile  in  length,  and  means  shall  be  provided  for  isolating  each 
such  section  for  purposes  of  testing. 

10.  The  insulation  of  the  line  and  of  the  return  when  insulated, 
and  of  all  feeders  and  other  conductors,  shall  be  so  maintained  that 
the  leakage  current  shall  not  exceed  one-hundredth  of  an  ampere 
per  mile  of  tramway.  The  leakage  current  bliail  be  ascertained 
daily  before  or  after  the  hours  of  running  when  the  line  is  fiiUy 
charged.  If  at  any  time  it  should  be  found  that  the  leakage  cur- 
rent exceeds  one-half  of  an  ampere  per  mile  of  tramway  the  leak 
shall  be  localised  and  removed  as  soon  as  practicable,  and  the 
running  of  the  cars  shall  be  stopped  unless  the  leak  is  localised  and 
removed  within  twenty-four  hours.  Provided  that  where  both  line  and 
return  are  placed  within  a  conduit  this  regulation  shall  not  apply. 

11.  The  insulation  resistance  of  all  continuously  insulated  cables 

used  for  lines,  for  insulated  returns,  for  feeders,  or  for  other  purposes, 

and  laid  below  the  surface  of  the  ground,  shall  not  be  permitted  to 
fall  below  the  equivalent  i)f  ten  megoiims  for  a  lengtii  of  one  mile. 
A  test  of  the  insulation  re:>istance  of  all  such  cables  shall  be  made 
at  least  once  in  each  month. 

12.  Where  in  any  case  in  any  part  of  the  tramway  the  line  is 
erected  overhead  and  the  return  is  laid  on  or  under  the  ground,  and 
where  any  wires  have  been  erected  or  laid  before  the  con.struction 
of  the  tramway  in  the  same  or  nearly  the  same  direction  as  such 
part  of  the  tramway,  the  Company  shall,  if  required  so  to  do  by  the 
owners  of  such  wires  or  any  of  them,  permit  such  owners  to  insert 
and  maintain  in  the  Company's  line  one  or  more  induction-coils  or 
other  apparatus  approved  by  the  Company  for  the  purpose  of  pre- 
venting^ disturbance  by  electric  induction.  In  any  case  in  which  the 
Company  withhold  their  approval  of  any  such  apparatus  the  owners 
may  appral  to  the  Board  of  Trade,  who  may,  if  they  think  fit,  dis- 
pense Willi  such  approval. 

13.  Any  insulated  return  shall  be  placed  parallel  to  and  at  a  dis- 
tance not  exceeding  three  feet  from  the  line  when  the  line  and 
return  are  both  erected  overbeadj  or  eighteen  inches  when  they  aie 
both  laid  underground. 

Z  Z 
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14.  In  the  disposition,  connections,  and  working  of  feeders  th: 
Company  shall  take  all  reasonable  precautions  to  avuid  iDjurioo 
interference  with  any  existing  wires. 

15.  The  Company  shall  so  construct  and  maintain  their  syskm  i: 
to  secure  good  contact  between  the  motors  and  the  line  and  retan 
respectively. 

16.  The  Company  shall  adopt  the  best  means  available  toprw2: 
the  occurrence  of  undue  sparkinc^Jat  the  rubbinij  or  rolling  conucu 
in  any  place  and  in  the  construction  and  use  of  their  generator  and 
moton. 

17.  In  wurking  the  cars  the  current  shall  be  varied  as  required 
by  means  of  a  rheostat  containing  at  least  twenty  sections,  or  1} 
some  other  equally  efficient  method  of  ij^radually  varying  resistance. 

18.  Where  the  line  or  return  or  botii  are  laid  in  a  conduit  ib^ 
f jlKnvmg  conditions  shall  be  complied  with  in  the  construction 
maintenance  of  such  c^>nduit: — 

[a.)  The  conduit  shall  be  so  constnictcd  as  to  admit  of  easy  cu- 
mination  of  and  access  to  the  conductors  contained  therein 
their  insulators  and  supports. 

[b!)  It  i>hall  be  so  constructed  as  to  be  readily  cleared  of  accamu- 
lalion  of  dust  or  other  debris^  and  no  such  accumulation  >lu- 
be  permitted  to  remain. 

(r.)  It  shall  be  laid  to  such  falls  and'so  connected  to  sumpsc* 
other  means  of  drainage,  as  to  automatically  clear  itself  of 
water  without  danger  of  the  water  reaching  the  level  of  .tk 
conductors. 

{d.)  If  the  conduit  is  formed  of  metal,  ali  separate  lengths  sh^ 
be  so  jointed  as  to  secure  efficient  tnetaUic  continuity  for  tk 
passage  of  electric  currents.  Where  the  rails  are  used  toftiv 
any  part  of  the  return  they  shall  be  electrically  connected  to 
conduit  by  means  of  copper  strips  having  a  sectional  area  of  at 
least  one'Sixteenth  of  a  square  inch,  or  other  means  of  equa- 
conductivity,  at  distances  apart  not  exceeding-  one  hundre^Ifeet- 
Where  tlie  return  is  wholly  insulated  and  contained  vvuh  r.  tl^^?* 
conduit,  the  latter  shall  be  connected  to  earth  at  the  c:t'ncrii- 
ing  station  tlirough  a  uigh-resistance  galvanometer  suitable  Mf 
the  indication  of  any  contact  or  partial  contact  of  either  tke 
line  or  the  return  with  the  conduit. 

{e.)  If  the  conduit  is  formed  of  any  non-metallic  maic^rial  not  beirg 
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of  high  insulating  quality  and  impervious  to  moisture  through- 
out, and  is  placed  within  '^ix  feet  of  any  pipe,  a  non-conductlngf 
screen  shall  be  interposed  between  the  conduit  and  the  pipe,  of 
such  material  and  dimensions  as  shall  provide  that  no  current 
can  pass  between  them  without  traversing  at  least  six  feet  of 
earth,  or  the  circuit  itself  shall  in  such  case  be  lined  vrith  bitu- 
men or  otb^  non-condttcti:]^  damp- resisting  material  in  alt 
cases  where  it  is  placed  within  six  feet  of  any  pipe. 

{/.)  The  leakage  current  shall  be  ascertained  daily, before  or  after 
the  hours  of  running  when  the  line  is  fully  charged,  and  if  at 
any  time  it  shall  be  found  to  exceed  half  an  ampere  per  mile  of 

tramway  the  leak  shall  be  localised  and  removed  as  soon  as 
practicable,  and  the  running  of  the  cars  shall  be  stopped  unless 
the  leak  is  localised  and  removed  within  twenty-four  hours. 

19.  The  Company  shall,  so  far  as  may  be  applicable  to  their 
system  of  working,  keep  records  as  specified  below.  These  records 
shall,  if  and  when  required,  be  forwarded  for  the  information  of  the 
Board  of  Trade. 

Dait  y  Rfcoi:!)^.— No.  of  cars  running. 
Maximum  working  current. 
Maximum  working  pressure. 

Maximum  current  from  the  earth  connections  {vide  Regula- 
tion 6  (L)). 

Leakage  current  {ptde  Regulations  10  and  18  (/.)). 
Fall  of  potential  in  return  {vide  Regulation  7). 

Monthly  Records.— Condition  of  earth  connections  {vide  Regu* 

lation  5). 

Insulation  resistance  of  insulated  cables  {vide  Regulation  11}. 

QUARTERLY  RECORDS  .--Conductance  of  joints  to  pipes  {fnde 
Regulation  8). 

Occasional  Records.— Any  tests  made  under  |aovinons  of 
Regulation  6  (ii.). 

localisation  and  removal  of  leakage,  stating  time  occupied. 

Particulars  of  any  abnofrmal  occurrence  affecting  the  electric  work- 
ing of  the  tramway. 


6th  March,  1894. 


Board  of  Trade, 
7.  Whitehall  Gardens,  S.W. 
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IV.— Parliamentary  Exacxments  as  to  Scotland 

AND  Ireland. 


SCOTLAND. 

Thirb  is  a  special  Act— the  Tramways  (Scotlaad)  Act,  t86i(M& 
35  Vict  c.  69)^pplying  only  to  Scotland,  by  which  £icitittts  let 
given  for  the  constnaction  of  tramways  in  countxy  districu(iiaiitt|r. 
on  "turnpike  and  statute  labour  roads  ")»  but  practically  none  k 
their  construction  in  large  townb.  Even  as  regards  countr}' districLv 
however,  the  Act  h  is  remained  a  dead  letter.  The  Tramways  Ac:, 
1870  {ante,  pp.  665  to  6;jj,  applies  to  Scotland  as  well  as  England, 
and  sinct?  the  date  of  its  passing,  all  tramways  constructed  in  Scot- 
land have  accordingly  been  subject  to  its  provisions,  which  (as  wiD 
have  been  seen)  afford  the  fullest  facility  for  the  construction  of  tew* 
ways  in  towns. 

IRELAND. 

in  Irehind,  the  Act  of  1S70  does  not  apply,  there  being  a  nuffiU: 
of  Acti»  applicable  to  Ireland  alone.  The  proceedings  under  the* 
Acu,  although  not  as  uniform  as  in  England  under  the  singls  Act  of 
1870,  are  of  a  simple  character. 

The  Acts  relating  to  tramways  are  the  Tramways  (Ireland)  Act. 
i860  (23  &  24  Vict.  c.  15a);  the  Tramways  Ireland  (Amcndraeof 
Act,  1861  (24  &  25  Vict.  c.  loa);  the  Act  of  1871,  kno^-n  ns  U:i 
Caims'.s  Act  (^4  i^'  3;  Vict.  c.  114) ;  the  amending  Act  of  iSjoieUt- 
ini^  only  to  Dublin  (39  40  Vict.  c.  65)  ;  the  Tramways  (Irclaiic 
Amendment  Act,  u^Si  (44  &  45  Vict.  c.  17)  ;  and  the  Tramways aad 
Public  Companies  (Ireland)  Act,  1883  (40  &  47  Vici.  c.  43). 

The  course  of  procedure  uuder  the  Acts  is  as  follows:  '*  The  pro- 
moters present  a  memorial  to  the  Lord  Lieutenant  in  Council,  settifl? 
forth  the  particulars  of  their  scheme,  and  stating  that  the  require- 
ments of  the  Acts  as  to  notice,  &c.,  have  been  complied  with ;  and 
to  the  memorial  is  appended  a  draft  of  the  proposed  Order.  A  public 
inquiry  is  then  made  by  the  Board  of  Works  as  to  the  merits  of  the 
undertaking^  in  an  engineering  point  of  view,  and  the  grand  jcr* 
of  tlie  county,  after  considering  the  report  of  the  Board  of  Worki 
and  other  matters,  provisionally  approve  or  disapprove  of  the  under* 
taking.  Provision  is  made  for  traversing  their  decistoa  on  tbe 
grounds  either  that  the  preliminaries  required  by  law  have  not  been 
complied  with,  or  that  the  construction  of  the  undertaking  accofdiflj 
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to  the  plan  approved  of  by  them  would  not  be  beneficial  to  the 
public.  An  appeal  is  reserved  to  the  Lord  Lieutenant,  who  has  a 
discretion  as  to  making-  an  Order  or  not. 

**  The  Order  is  not  required  to  be  confirmed  by  Parliament  in  cases 
where  the  undertaking  is  approved  by  the  grand  jury  and  no  petition  of 
appeal  against  such  approval  has  been  presented  to  the  Lord  Lieu- 
tenant ;  but  in  any  case  in  which  an  appeal  has  been  presented  before 
the  Order  in  Council  is  made,  the  Order  has  no  effect  until confixmed 
by  Parliament,  even  although  no  person  shall  appear  on  such  appeal 

"  The  authorised  g^auge  is  five  feet  three  inches,  being  the  ordinaiy 
railway  gauge  in  Ireland.'** 

Lord  Cairns' s  Act  of  1871  provided  for  the  introduction  of  steam  as 
a  motive  power,  bubject  to  a  restriction  to  a  speed  of  six  miles  an 
hour  on  country  roads,  and  three  miles  an  hour  in  towns  or  villages 
(the  latter  restriction  pointing,  no  doubt,  to  the  use  of  steam  for 
mineral  rather  than  for  passenger  traffic) ;  but  by  the  Act  of  1881  a 
speed  of  six  miles  an  hour  was  allowed  in  towns  or  villages,  and  a 
speed  often  miles  on  country  roads. 

By  a  separate  set  of  Acts  relating  to  "  light  railways  "  in  Ireland, 
provision  has  been  made  for  aid  from  the  Treasury  in  cases  where  it 
is  declared  by  the  Lord  Lieutenant  of  Ireland  in  Council  that  it  is 
desirable  tliai  a  iigiit  railway  should  be  constructed  for  the  develop- 
ment of  fisheries  or  other  industries ;  and  it  is  declared  that  the 
expression  "light  railway"  includes  "tramway"  as  that  word  is 
used  in  the  Tramway  (Ireland)  Acts  {$2  &  53  Vict.  c.  66, 1 11).  The 
proceedings  to  be  taken  for  the  establishment  of  light  railways  are 
-similar  to  those  in  the  case  of  tramways,  subject,  however,  to  the 
special  provisions  of  the  Acts  dcalintf  with  light  railways.  These 
are  the  Light  Railways  (Ireland)  Act,  1889  (52  &  53  Vict.  c.  66) ;  the 
Railways  (Ireland)  Act,  1890  (53  and  54  Vict.  c.  52);  Transferor 
Railways  (Ireland)  Act,  1890  (54  Vict.  c.  2) ;  and  the  Public 
Accounts  and  Charges  Act,  1891  (54  &  55  Vict.  c.  24). 

By  the  Act  of  1890*  it  was  provided  that  the  promoters  of  any 
undertaking,  who  have  obtained  from  a  grand  jury  a  presentment 
under  the  Tramways  (Ireland)  Acts  approving  of  their  undertaking, 
may  enter  into  an  agreement  with  any  railway  company  with  whose 
railway  the  undertaking  is  or  is  intended  to  be  connected,  for  the 
transfer  of  the  undertaking  to  the  railway  company.  But  any  such 
agreement  requires  the  sanction  of  the  sharehnldprs  of  the  railway 
company  and  the  approval  of  the  Railway  and  Canal  Commission. 
(54  Vict.  c.  2,  §§  1-3.) 

•  Suttuu's  Tratnivay  Acts  of  United  Kingdom  (2ad  cd.,  1883),  pp.  li.,  lii. 
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v.— Terms  of  Purchase  of  TRAiiwAVS  by  Local 
AuTRORixiES  (Judgment  of  the  House  of  Lords). 

Judgment  was  griven  by  the  House  of  Lords,  detenniniDg  lie 
interpretation  to  be  put  on  certain  provisions  of  the  Tramways  Ac 
1870,  on  30th  July,  i?^04.  Two  cases  were  before  the  House  05 
appea!  in  the  one  case  from  the  Scotch  Courts,  and  in  the  other  cay 
from  the  English  Courts — the  main  question  being  the  same  ineai 
t.ase — namely,  upon  what  principle  the  sum  to  be  paid  by  a  Loci! 
Aathority  for  the  purdutfe  of  a  line  of  tramway,  under  the  ptovifldoi 
of  the  43rd  section  of  the  Act  of  1870,  u  to  be  calculated  Sedkoi) 
of  the  Tramways  Act.  1870,  is  as  follows  : — 

*'  Where  the  promoters  of  a  tramway  in  any  district  arc  not  the  l*» 
stttboritA'.  the  local  authority,  if.  by  resolution  p«^sed  at  a  special  iDeelht<t 
the  members  coostitltdng  ^uch  local  authority,  they  so  decide,  tniy  vithic  >i 
month-  after  the  expiration  of  a  period  of  twenty-one  year^  fron  the  tiaewlia 
such  promoters  were  empowered  to  construct  such  traiuwj,}.  and  withn  o 
mootbn  after  tbe  expiraiinu  t .t  every  subsequent  peri- >< i  .  >;  seven  years. or  w  th- 
three  month"  r\ftrr  nn\  orilcr  mailc  1>y  the  Bonnl  of  Trade  under  ciih.r  •-■ 
two  next  precediuji;  sccijoa?,,  with  the  appro\aI  of  the  Board  o!  Ti-^- 
notice  in  writing  retpire  such  promoteis  to  sell,  and  therenpoo  sach  prom<^ 
shall  m  !1  to  th:  III  their  undcrt.ikin;:,  nr  sc  mujli  «if  the  -.tmc  n"^  is  within 
<iistrict»  upon  teniui  of  paying  the  then  value  (exclusive  of  aay  all^)«aDce^/ 
past  or  fiituic  profits  of  the  undertaking,  or  any  cunipensation  nr  ocwpul'''^ 
sale,  or  other  consideration  whatsoever)  of  the  tramway,  and  all  !and>.  boii' 
injjs.  works,  materials,  and  plant  of  the  promoters  suitable  to  and  used 
them  for  the  purposes  of  their  undertaking  within  such  district,  sodiTahcO 
be  in  case  of  dinerence  determined  by  an  enj^neer  or  other  fit  person  noiBia- 
ated  as  referee  by  tlic  Bo.inl  of  Tr.ule  on  the  application  of  eitner  party,  w 
the  cxpeni>es  of  the  reference  to  be  borne  and  paid  as  the  referee  directs.  Aw 
vheoanysttdi  sale  has  been  made,  all  the  rights,  powers,  and  anthoritie^ 
such  promoters,  in  rt  <}>ect  to  the  undertaking  sold,  or  where  any  ordci  ti- 
been  wade  by  the  Board  of  Trade  under  cither  of  the  next  preceding  sect; 
all  tbe  riehts,  powers,  and  authorities  of  such  promoten.  previo&s  to  '-\ 
making  of  such  or  for  in  rr-pt-Lt  to  the  undertaking  sold,  sh.nM  bt  traibien^i^ 
to,  vested  in,  and  nuy  be  exerci^^ed  by  the  authority  to  whom  tbe  •Am 
been  sold.  In  like  manner  as  if  sncfa  tramway  was  constracted  by  sudi  aatboo? 
inuK  r  the  powers  conferred  upon  them  by  a  pro\isional  order  under  thu  Afl- 
and  in  reference  to  the  same  they  shall  be  deemed  to  be  the  promoter." 

The  subjoined  report  of  the  two  cases  is  taken  (in  sutetancc)6^  i 
the  Times  of  July  31st,  1894  I 
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HOUSE  OF  LORDS  Qum  30,  1894). 
{Be/ore  the  LORD  Chancellor,  Lord  Watson,  Lord 

ASHBOVRNB,  and  LORD  SHAND). 

The  Edinburgh  Street  Tramways  Company  v.  The  Lord 
Provost,  Magistrates,  &c.,  op  the  City  of  Edinburgh. 

This  was  an  appeal  by  the  above-mentioned  tramway  company  from 
a  decision  of  the  First  Division  oi  the  Court  oi  Session  in  Scotland,  the 
respondents  being  the  local  authority  within  the  City  of  Edinburgh 
entitled  by  section  43  of  the  Tramways  Act,  1870,  to  purchase  the 
tramway  undertakmg  witliin  their  district  on  the  expiration  of  twenty- 
one  years  from  the  time  when  it  was  authorised  to  be  constructed. 

On  the  1 2th  of  August^  1892 ,  they  gave  notice  to  the  appellants  that, 
in  exercise  of  their  rig'hts  under  the  section,  they  M,  nuld  purchase  the 
appellants'  undertaking  within  the  City  of  Edinburgh  (except  the  line 
from  Waterloo  Place  to  Jock's  Lodge),  twenty-one  years  having 
elapsed  since  the  appellants'  tramway  wa^  auihunsed.  i  he  appel- 
lants and  respondents  having  differed  as  to  the  price  to  be  paid  for 
the  undertaking,  the  Board  of  Trade,  on  November  15th,  1893, 
appointed  Mr.  Henry  Tennant,  of  York,  as  referee,  to  fix  what  the  said 
price  should  be. 

Mr.  Tennant  having  heard  proof  on  behalf  of  both  parties,  including 

evidence  for  the  appellants  as  to  the  rental  value  of.  or  owners' 
interest  in,  the  tramway  lines  which  the  respondents  were  purchasing, 
on  November  13th,  1893,  he  issued  his  award,  finding-  the  appellants 
entitled  to  /"2 12,979  7s.  6d.  for  the  various  items  which  were  being 
sold  by  them  to,  and  which  had  to  be  paid  for  by,  tlie  respondents. 

In  setting  out  award,  Mr.  Tennant  stated  that  the  following  ques- 
tions arose  in  the  course  of  the  proof  and  argument : — 

(Second),  Whether  in  view  of  the  icnns  of  said  section  43  of  said  Tram- 
ways Act  of  1870, 1  am  entitled,  in  valuing;  tramways,  to  take  into  account  the 
]>rescnt  profits  or  rental  value  of  the  undcrtakiii},',  or  nn  what  other  hasi>  the 
value  of  said  tramways  should  be  determined;  and  (Third)  whether,  in  the 
event  of  the  hasis  of  valuation  of  said  tramways  being  found  to  be  accordhig  to 
the  fo-t  df  cinistructinn  and  establishment,  I  ami  entitled  in  said  valuation  to 
make  aUowance  to  said  company  for  certain  sums  expended  by  said  company 
in  obtauihi}^  Parliametitaty  anthority  for  the  constnictioa  theteof,  and  tor  a 
sum  of  /^2,5(X)  contributed  In-  said  company  towards  the  OOSt  of  widening  the 
North  Bridjje  in  the  City  of  Edinburgh." 

Mr.  Tenoant  went  on  to  say  i-^ 

"And,  con^idcriii;,'  that,  to  enable  me,  as  referee  utider  >aitl  appointment  bv 
the  Board  of  Trade,  to  proceed  to  the  proper  and  complete  determination  of 
the  value  of  the  said  tnunwqrsy  hmds,  bdMings,  «id  ofluna^  I  have  ftnmd  it 
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OCCcssary.  in  the  fjrst  place,  to  dispose  o(  the  said  question*  whW  ^-^m  st^ 
AS  afi»ro>aid.  and  that,  after  full  consideration  of  >aid  qucsiicns  .^nu  ^'cialT 
after  caretul  ci'n>iderntion  of  the  terra's  of  said  section  43  of  said  Tramaw 

Act  of  l^70,  I  am  of  opinion  that  I  must  asjiume  iSecocdi  Tb^t  : 

%a]uin^  the  tramway*  I  sjox  not  entitled  to  laJce  into  account  the  present  pr*:? 
or  rental  value  of  the  undertaking,  bot  that  the  proper  value  of  sadtmovm 
to  l>e  detennine<l  liy  me,  according  to  my  construction  f  f  the  staiuic  i>  ^^cii 
»um  a>  it  wuulU  cu?>t  to  con!»truct  and  C!»taUi2»h  the  same  under  dedactxnali 
proper  nun  In  re«pert  of  depreciation  to  thrir  pre.<$ent  coa<fition,  and  tint  h 
tstimatin;,'  such  otst  I  am  entitled  to  t.ikj  r::o  account  the  fact  that  >a)>l  tria:- 
-mjxy  arc  now  successfully  con-inicted  and  in  complete  working  CQoduxa; 
(Tnitdl  that  I  am  entitled,  in  \aluin;;  said  tramways  accordinj;  to  cost  of  cob» 
struction  and  establishment,  t(»  make  allowance  both  for  the  sums  exj^eDded  rv 
said  company  in  obtaining  said  l'arliament;»rv  ai^thorirv,  in  so  far  as  I  cr>n>>itf 
sui^h  exiHrntaiurc  iiecc*'-an>-  of  proper,  aau  ai"»4i  lor  the  said  sum  of 
which  sum  I  <.«>n«.;dtrr  wa-  a  neceMUU^'  and  proper  expenditure  by  said  Li  n];.^..!' 
to  cn.iMe  dt)uMe  liii;->  of  tramways  to  In-  laid  over  said  XoithBrid^flii 
which  duuUlc  linc^  fwui  part  of  the  imUertaking.'* 

Action  was  taken  by  the  tramway  company  for  the  purpose  ot 

reducing  the  said  award  or  degree- arbitral,  on  the  ground  that  Mr. 

Tennant's  view  of  the  ^  jrd  section  of  the  Tramways  Act  »i5 
erroneous  .  ^^^^  declarat  ir  that  he  ciui:Iit.  under  that  section,!: 
have  tixed  the  value  to  be  f>aid  by  the  Corporation  of  Edinburgh  for 
the  tramway  on  a  rental  baMs.  and  for  an  order  on  him  to  proceed 
with  the  reference,  and  tu  and  and  declare  tiie  value  of  the  iraaway 
lines  according  to  their  rental  value.  Both  the  Lord  Ordinary  and 
the  First  Division  (the  Lord  President  dissenting),  in  the  Coort  d 
Session,  held  Mr.  Temumt's  award  to  be  good  and  his  vievoftbe 
43rd  section  of  the  Tramways  Act  to  be  correct*  and  repelled  tbe 
appellants'  pleas,  sustained  the  defences,  and  assoiliied  tbe 
respondents.  The  appellants  thereupon  brought  the  present  appeal- 
Mr.  Asher,  Q.C.,  Mr.  A.  Graham  Murrav.  O.C.,  and  Mr.  Var. 
Canipbell,  appeared  for  the  company  ;  and  tiic  Lord  Advocate  an: 
Mr.  Moulton,  O.C.,  for  the  Edinburgh  Corporation;  and  when  the 
case  was  argued  some  time  ago,  judgment  was  reserved. 

Their  LordsUps  now  delivered  judgment,  from  which  it  willl>c«* 
that  the  decision  of  the  Cotirt  below  in  fovour  of  the  respondcnu«a$ 
affirmed  by  a  majority^  Lord  Ashbourne  dissenting. 

The  Lord  Chancellor.— The  appellant  company  was  formed 
under  the  provisions  of  a  private  Act  of  Parliament  in  the  year  iS;^ 
This  Act  incorporated  Part  II.  and  Part  III.  of  the  Tmmw.iys  Act, 
Section  43  of  that  Act  entitled  the  respondents  within  six  months  afier 
the  expiration  of  a  period  of  twenty-one  \cars  from  the  liuie  when  tbe 
appellants  were  empowered  to  construct  the  tramway  by  notice 
writing  to  require  the  appellants  to  sell  their  undertaking.  Tl*f 
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accordingly,  on  Aiip:n5t  rzth,  iS92,gave  notice  to  the  appellants  that  in 
e:?crcisc  of  their  rights  under  that  section  they  would  purchase  the 
appellants'  undertaking  within  \he.  city  of  Edinburgh. 

The  appellants  and  respundciUb  having  dilYercd  a:-,  to  the  price  to  be 
paid,  the  Board  of  Trade  appointed  Mr.  Henry  Tennant,  of  York,  as 
referee,  to  fix  what  the  price  should  be.  In  the  oamitive  of  the  award 
or  degree-arbitral,  which  he  made,  Mr.  Tennant  stated  that,  in  his 
opinion,  after  careful  consideration  of  the  terms  of  section  43  of  the 
Tramways  Act,  1870,  in  valuing  the  tramways  he  was  not  entitled  to 
take  into  account  the  present  profits  or  rental  value  of  the  undertaking, 
but  that  the  proper  value  of  the  tramways  to  be  determined  by  him, 
according  to  his  construction  of  the  statute,  was  such  sum  as  it  would 
cost  to  construct  and  establish  the  same  under  deduction  of  a  proper 
sum  in  respect  of  depreciation  for  their  present  condition,  and  that  in 
estimating  such  cost  he  was  entitled  to  take  into  account  the  £ict  that 
the  tramways  were  then  successfully  constructed  and  in  complete 
working  condition. 

The  present  action  was  thereupon  raised  by  the  appellants  against 
the  respondents  for  the  purpose  of  reducing  Mr.  Tennant's  award 
or  decree-arbitral,  upon  the  ground  that  his  view  of  section  43  of 
the  Tramways  Act,  i87'*>,  was  erroneous,  and  for  declarator  that  he 
ought,  under  the  section,  to  have  lixed  the  value  to  be  jiaid  by  the 
respondents  for  the  tramways  upon  the  rental  basis,  and  for  an  order 
on  hmi  to  proceed  with  the  reference,  and  to  find  and  declare  the  value 
of  the  tramway  lines  according  to  their  rental  value.  Both  the  Lord 
Ordinary  and  the  First  Division  of  the  Inner  House  have  held  Mr. 
Tennant's  award  to  be  good,  and  have  assoilzied  the  respondents. 
The  question  on  this  appeal  is  whether  these  decisions  were  correct. 

The  question  turns  on  the  construction  to  be  put  upon  the  language 
employed  in  section  4  ^  of  the  Tramways  Act,  iS;o,  which  prescribes 
the  terms  upon  which  the  promoters  of  a  tramway  (in  this  case  th« 
appellants)  are  to  sell  their  undertaking  to  the  local  authority.  The 
words  are  as  follows  "  Upon  terms  of  paymg  the  then  value  (ex- 
clusive of  any  allowance  for  past  or  future  profits  of  the  undertaking* 
or  any  compensation  for  compulsory  sale,  or  other  consideration 
whatsoever)  of  the  tramway  and  all  lands,  buildings,  works,  materials, 
and  plant  of  the  promoters  suitable  to  and  used  by  them  for  the  pur^ 
poses  of  their  undertaking." 

Tt  i5  contended  on  behalf  of  the  appellants  that  the  value  of  the 
tramway  must  be  ascertained  by  taking  into  consideration  what 
rental  could  be  obtained  for  it  if  let  with  all  the  statutory  rights 
of  using  it  possessed  by  the  promoters,  and  then  allowing  whatever 
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may  be  ihoutjht  the  proper  number  of  years'  piirch.isc  of  the  reml 
which  could  thus  be  obtained.    The  sum  so  arrived,  ai,  ii  waiacgu;u, 
would  represent  the  then  value  of  the  tramway  within  the  moninf 
of  the  section.   Before  discossing  the  language  used  by  the  Ugisb- 
tiue,  it  isi  I  think,  necessaty  to  consider  the  nature  of  the  rights  iid 
powers  of  the  prtHnoters  which  it  is  said  are  to  be  thus  takoi  nut 
account,  and  the  manner  in  which  they  are  conferred  upon 
The  promoters  obtained  authority,  in  the  first  place,  to  interfere  »-Lb 
publi'*  highways  by  layint;  down  tramways  upon  them,  and  rr.aintaining 
the  tramways  so  laid  down.    But  the  most  important  power vhich 
they  obtained  was  that  contained  in  section  34  of  the  TranvAaysAc, 
1870,  which  auiliunscd  them  to  use  upon  the  tramways  so  Uiddoro 
carriages  with  flanged  wheels,  or  wheels  suitable  only  to  run  00  tk 
rail  prescribed  by  their  Act,  and  provided  that  subject  to  the  provisms 
of  thdr  Special  Act  and  of  that  Act  the  promoters  and  their  \^^'^ 
should  have  the  exclusive  use  of  their  tramways  for  caniages  with 
flanged  wheels  or  other  wheels  suitable  only  to  run  on  the  prcscribsi 
rail.    It  will  be  seen  thn'  the  power  thus  conferred  is  Imr.ted  to  the 
promoters  and  their  lessee^,  the  promoters  beinj;  the  person  or  com- 
pany authorised  to  construct  the  tramways.    The  ri^ht  conferred  u 
personal  one,  and  cannot  be  claimed  by  any  persons  who  do  not  come 
within  the  designation  of  promoters  or  lessees  of  promoters.  Iti* 
not  conferred  upon  the  promoters'  assignees.   A  conveyance*  tkR- 
fore»  by  the  promoters  of  their  tramways,  or  even  of  their  ondenaking, 
would  not  cany  with  it  the  right  to  the  statutory  monopoly  confcntd 
upon  the  promoteis  by  the  section  to  which  I  have  referred. 

I  proceed  now  to  consider  the  words  of  the  provision  upon  which 
the  question  at  issue  turns.  It  is  to  be  observed  that,  although  the 
undertaking  is  described  as  the  subject  of  the  sale,  it  is  to  be  sc-ld. 
not  upon  terms  of  paying  its  then  value,  but  upon  terms  of  papng 
"the  then  value  of  the  tramway  and  all  lands,  buildings,  wrtSi 
material,  and  plant  of  the  promoters  suitable  to  and  used  by  theo 
for  the  purposes  of  their  undertaking.**  It  appears  clear  that  the 
word  ** tramway"  cannot  be  read  as  synonymous  with**i^'>^< 
ing."  •  The  words  which  follow  "  tramway*  are,  to  my  mind,  con- 
clusive upon  this  point.  What,  then,  does  **  tramway  "  mean  as 
used  in  the  section  ?  I  have  examined  every  instance  of  its  use  m 
the  statute,  and  it  appears  to  me  in  every  other  case,  at  all  events, 
to  be  used  to  describe  the  structure  laid  down  on  the  highway,  afld 
nothing  more,  and  1  cannot  see  my  way  to  give  any  other  racasisj 
to  it  in  the  section  under  consideration.  The  wmd  ''tramiay' 
may,  no  doubt,  without  impropriety  be  held  to  include  all  pro{RietvT 
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rights  attached  to  it ;  but  1  do  not  think  that  it  can  with  propriety 
be  held  to  compromise  all  the  powers  in  relation  to  the  tramway 
which  are  conferred  by  the  statute  upon  the  promoters.  I  have 
already  pointed  out  that  the  power  exclusively  to  use  the  tramway 
was  granted  to  the  promoters  as  such,  and  is  not  capable  of  transfer 
by  them.  This  is  distinctly  recognised  by  the  enactment  which  im- 
mediately follows  that  under  consideration.  It  is  provided  that 
when  a  sale  has  been  made,  all  the  rights,  powers,  and  authorities 
of  the  promoters  in  respect  to  the  undertaking  sold  shall  be  trans- 
ferred to,  vested  in,  and  may  be  exercised  by  the  authority  to  whom 
the  same  has  been  sold  in  like  manner  as  if  the  tramway  was  con- 
structed by  such  authority  under  the  powers  conferred  upon  them  by 
a  promional  order  under  the  Act»  and  in  reference  to  the  same  tbqr 
shall  be  deemed  to  be  the  promoters.  It  is  by  virtue  of  this  enact* 
ment,  and  of  this  alone,  that  the  local  authority  become  entitled  to 
the  exclusive  use  of  the  tramway,  which  was  previously  vested  in  the 
promoters.  It  is  the  statute,  and  not  the  company  which  originally 
constructed  the  tramways,  which  confers  upon  the  local  authority 
this  right.  It  is  also  worthy  of  note  that  some,  if  not  all,  of  the 
rights,  powers,  and  authorities  of  the  promoters  are  treated  as  not 
included  even  in  the  term  "undertaking,"  inasmuch  as  they  arc 
spoken  of  as  the  rights,  powers,  and  authorities  of  the  promoters 
"  in  respect  to  the  undertaking  sold." 

I  have  so  far  dealt  with  the  language  of  the  section,  without  taking 
into  consideration  the  words  within  the  parenthesis,  upon  which  so 
much  of  the  argument  turned ;  what  was  to  be  paid  by  the  pur- 
chasers was  the  then  value  of  the  tramway,  "  exclusive  of  any 
allowance  lor  past  or  future  profits  of  the  undertaking,  or  any  com- 
pensation for  compulsory  sale  or  other  consideration  whatsoever.** 

It  was  contended  for  the  appellants  that  tlie  presence  of  the  paren- 
thesis indicated  that  in  the  opinion  of  the  Legislature  the  term  **  value 
of  the  tramway**  would,  but  for  the  words  in  the  parentiiesis,  have 
justified  an  allowance  for  past  or  future  profits  of  the  undertaking,  and 
must  therefore  include  something  more  than  the  value  of  the  structure. 
I  cannot  assent  to  this  argument.  The  words  of  the  parenthesis  may 
well  have  been  enacted  by  w  ay  of  precaution  to  make  sure  that  coun- 
tenance was  not  given  to  any  contention  which  would  have  involved 
fixing  a  sum  in  excess  of  the  value  of  the  structure.  There  is,  1  think, 
a  fallacy  involved  in  considering  the  meaning  of  the  words  which 
follow  the  parenthesis  by  themselves,  and  then  inquiring  how  far  the 
meaning  thus  attributed  to  them  is  to  be  modified  by  reason  of  the 
words  which  precede.  Each  part  of  the  provision  throws  light  on 
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the  other.  It  is  by  rcadiivi:  it  as  a  whole  that  the  intention  of  ih« 
Legislature  is  to  be  ascertained.  The  words  found  wuhin  the  parra- 
thesis,  to  my  niind,  support  the  view  that  "  tramway  '  is  to  be  con- 
strued in  the  manner  which  I  have  indicated,  and  not  indut  oocrtariBd 
for  by  the  appellants. 

It  is  said  that  the  words  *'  exclusive  of  any  allowanoe  for  pautor 
future  profits  of  the  undertaking"  were  introduced  for  the  purpose  d 
prcventins^  the  arbitrator  making  any  addition  to  the  value  other^isf 
arrived  at  in  respect  of  such  profit.  I  find  it  diflBcult  to  understand 
how  it  could  ever  be  supposed  that  an  arbitrator  would  make  any 
addition  to  the  value  of  the  tramway  in  respect  of  the  past  profits  of 
the  undc? taking,  or  how  it  could  ever  have  been  thought  necessary  lo 
prohibit  his  doing  so.  It  is,  however,  quite  intelligible  that  it  migh 
be  thought  necessary  to  guard  against  his  aUowing  for,  or,  in  flAer 
words,  talcing  into  account*  past  profits  in  arriving  at  the  value  of  Ae 
tramway.  But  if  the  word  "  allowance  '*  is  used  in  this  sense  ia  nh* 
tion  to  past  profits,  its  meaning  must  be  tbe  same  in  relation  to  future 
profits.  I,  therefore,  construe  the  words  as  enacting  that  ne:t:ier  tt 
profits  mnde  in  the  past  nor  to  be  anticipated  in  the  future  were  to  bt 
taken  into  account  in  assessing  the  value. 

It  was  argued  that  if  the  vahie  of  the  tramway  were  arrived  at  bj 
taking  so  many  years"  purchase  of  the  rental  which  could  have  lieea 
obtained  for  it,  if  let,  no  profits  would  be  allowed  for  in  tbevdneso 
ascertained.  I  am  unable  to  adopt  this  view.  How  would  it  be  pas* 
sible  to  determine  the  rental  which  could  be  obtained  except  b 
reference  to  the  profits  which  had  been  or  which  might  be  made?  Tlie 
rent  which  a  tenant  would  be  prepared  to  give  would  obviously  d^ 
pend  upon  the  profits  to  be  anticipated.  It  was  further  argued  that 
the  I.csrislature  had  only  excluded  an  allowance  for  p.i^t  or  future  and 
not  for  present  protlt^.  Why,  it  was  asked,  if  all  profits  were  to  be 
excluded,  were  the  words  "past  or  future*'  inserted.'  To  my  mind 
the  words  cover  all  profits,  whether  made  or  to  be  made.  hA 
reason  for  their  insertion  appears  to  me  plain.  II  tiie  word  "profits 
alone  had  been  used  it  would  have  been  open  to  contention  that  obIj 
profits  actually  made  were  referred  to»  and  that  the  provision  did  not 
exclude  an  allowance  for  profits  to  be  anticipated  in  the  future.  Rw<i' 
ing  the  enactment  as  a  whole,  I  can  find  no  indication,  but  quite  ibe 
contrary,  that  the  arbitrator,  in  determining  the  then  value  of  the  tram- 
way,  was  to  take  into  account  those  rights  and  powers  which  had  been 
possessed  by  the  promoters  as  such  by  virtue  of  the  statute,  and 
which  would  be  thereafter  by  the  said  statute  conferred  upon  the  JflCil 
authority. 
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Reliance  was  placed  by  the  appeliaots  upon  the  provisions  of 
sections  41  and  42  of  the  Tramways  Act,  1870,  enabling  the  Board  of 
Trade,  if  the  promoters  discontinued  the  working  of  their  tramway,  or 
were  insolvent,  to  declare  that  their  powers  in  respect  of  the  tramway 
should  be  at  an  end.  In  the  first  of  these  cases,  the  Board  of  Trade 
were  empowered  to  declare  the  powers  of  the  promoters  at  an  end 
from  the  date  of  the  order,  in  the  latter,  at  the  expiration  of  six  months 
from  the  making  of  the  order,  but  in  both  cases  it  is  provided  that  the 
powers  of  the  promoters  shall  thereupon  cease  and  determine,  "unless 
the  same  are  purchased  by  the  local  authority  in  manner  by  this  Act 
provided."  Inasmuch  as  section  4^  applies  to  a  purchase  by  the  local 
authority  within  three  months  alicr  any  order  made  by  the  Board  of 
Trade  under  either  of  the  two  preceding  sections,  it  was  contended 
that  this  showed  that  the  purchase  of  the  undertaking  was  regarded 
by  the  Legislature  as  a  purchase  of  the  powers  of  the  promoters. 

I  do  not  think  it  possible  to  ^ve  the  effect  contended  for  to  this 
aigument,  and  to  construe  the  word  "  tramway"  in  that  part  of  section 
43  which  regulates  the  terms  of  payment  in  a  different  manner  to  that 
which  a  consideration  of  the  section  itself  suggests  on  account  of  the 
language  employed  in  the  two  preccdin*^  sections.  That  language  is 
certainly  not  very  feUcitous.  Whether  the  undertaking  is  purchased 
or  not,  the  powers  of  the  promoters  equally  cease  and  determine :  the 
purchase  does  not  keep  their  statutory  powers  alive.  The  powers  are 
possessed  thereafter  by  the  local  authority  by  virtue  of  the  statute,  in 
precisely  the  same  manner  as  they  were  acquired  by  the  promoters. 

For  these  reasons  I  think  the  interlocutors  appealed  from  should  be 
affirmed,  and  the  appeal  dismissed  with  costs. 

Lord  Watsox  and  Lord  Shand  concurred. 

Lord  A.SHHOURNf. — The  facts  of  the  case  have  been  so  fully  stated 
by  the  Lord  Chancellor,  that  I  need  only  refer  to  them  at  such  length 
as  may  make  my  meanuig  plain. 

The  direct  question  raised  before  your  Lordships  is,  whether  the 
arbitrator  was  right  in  valuing  the  tramway  at  what  it  would  cost  to 
make,  or  whether  he  ought  to  have  ascertained  what  it  could  have 
been  let  for  to  a  tenant  who  could  use  it,  and  then  have  capitalised  its 
annual  value. 

The  cases  of  the  Edinburi,^h  Street  Tramways  Company  and  of  tlie 
London  Street  Tramways  Company  '^j>q.ki  posr\  have  been  argued  before 
your  Lordships  together,  as  they  depend  upon  precisely  the  same  point. 
The  question  in  the  Edinburgh  case  depends  upon  the  construction  of 
section  43  of  the  general  Tramways  Act,  1870,  and  the  London  case 
depends  upon  section  44  of  the  London  Street  Tramways  Act,  but  the 
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two  sections  are  io  Identical  terms,  as  is  the  case  with  many  other  sec- 
tions of  the  Act.  For  convenience,  I  shall  refer  only  to  the  sections  ol 
the  general  i  ram  ways  Act,  SS70,  and  shall  not  deem  it  necessary  to 

note  specially  the  corresponding  sections  of  the  London  Street  Tram- 
ways Act  of  1 870,  which  are  mentioned  in  detail  in  the  judgments  in 
the  London  ca^e. 

The  decision  your  Lordships  are  now  called  on  to  give  is  of  deep 
moment  to  all  the  tramway  companies  in  Great  Britain,  and  involves 
interests  of  considerable  magnitude.  The  section  is  not  clear.  In 
any  view  of  the  case  it  is  a  cumbrous  and  unfortunate  piece  of  draft* 
ing,  not  plain  or  direct  and  each  side  is  confronted  with  difficulties  in 
its  interpretation.  It  is  not  surprising  to  iind  that  amongst  the  Judges 
before  whom  the  case  has  come  there  have  been  wide  difTerences  of 
opinion,  and  therefore  1  hn'.  c  applied  myself  to  the  cr  nsideration  ol 
the  cnse.  with  many  doubts  and  misgivings  as  to  the  soundness  of  my 
own  juugnient  on  important  points,  where,  though  I  might  be  sup- 
ported by  the  opinions  of  Judges  of  eiittneiice»  I  know  my  conclusions 
have  been  opposed  to  authorities  for  whom  I  entertain  the  very  highest 
respect.  The  clause  requires  the  closest  and  most  critical  examina* 
tion  and  analysis  in  order  to  see  what  is  the  method  of  the  trmnsliert 
what  is  sold,  and  what  is  to  be  paid. 

What  is  the  method  ?  As  Mr.  Justice  Matheiv,  in  the  London 
case,  has  forcibly  said,  "  Nothing  would  have  been  easier  than  to 
have  said  that  at  the  end  of  the  twenty-one  years  there  shall  be  a 
transfer  of  your  undertaking,  and  >  ou  shall  be  paid  for  the  cost  of 
material  in  situ  capable  of  being  worked,  less  depreciatkm."  But 
the  Legishiture  in  its  wisdom  has  ased  a  long,  complicated,  and  in- 
volved sentence,  from  which  we  have  to  spell  out  and  infer  such 
meanings  as  we  can.  The  transaction  is  to  take  place  by  a  sal&  A 
sale  in\  oh-cs  a  selling  and  a  buying,  a  bargainini^--,  and  here  an  arbi- 
tration. If  what  was  meant  was  a  statutable  transfer  at  a  statutabie 
price,  it  was  certainly  not  felicitous  draftini,^  to  enact  that  the  trans- 
action should  be  carried  out  b>  the  machmery  set  out  at  such  length 
in  the  section.  But  a  far  more  important  consideration  in  the  matter 
is  what  is  sold  and  transferred  under  the  section.  The  undertaking, 
of  course,  is  sold,  but  the  great  difficulty  is  to  give  the  due  and  pro- 
per  meaning  to  the  word  **  tramway."  Is  it  only  the  tramway  in  sitttt 
or  the  tramway  with  the  power  to  use  it  ?  This  is  really  a  governing 
point  in  the  case.  Does  the  sale  of  the  tramwav  inrlude  or  invol\  e  or 
carry  with  it  the  right  to  use  it  ?  The  words  ot  the  section  are, 
**  When  any  such  sale  has  been  made,  ail  the  rights,  powers,  and 
authorities  of  the  company  in  respect  of  the  undertaking  sold  .  .  . 
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shall  vest  in  the  purchaser.  The  words  here,  again,  are  not  the  best 
or  the  clearest.  They  must  be  read,  not  only  with  the  rest  of  the  sec- 
tion, but  aibo  in  connection  with  other  sections,  in  order  10  see  whether 
the  right  to  the  tramway  is  treated  in  the  Act  as  cann  ing  with  it  the 
right  to  use  the  tramway* 

Section  41  deals  ndtfa  the  discontinuance  of  tramways,  and  enacts 
that  in  certain  cases  the  Board  of  Trade  may  by  order  declare  that 
from  the  date  of  the  order  the  powers  of  the  promoters  shall  be  at  an 
end,  "  and  the  said  powers  of  the  promoters  shall  cease  and  deter* 
mine,  unless  the  same  are  purchased  by  the  local  authority  in  manner 
by  this  Act  provided" — /.e.,  by  section  43.  Thus  section  41  expressly 
states  lliat  the  powers,  including  the  right  to  use,  are  purchased  under 
section  43. 

Section  42  is  to  the  like  effect.  It  deals  with  the  insolvency  of  pro- 
moters, and  provides  for  the  ceasing  of  their  powers  unless  the  same 
are  purchased  by  the  local  authority  in  manner  by  this  Act  provided,*' 
again  by  section  43. 

In  this  connection  it  is  important  to  note  section  44,  which  enacts,^ 

"  Where  any  tramway  in  any  district  has  been  opt md  lor  iratfic  ii  >r  1  iKriod 
of  MX  mfmth-,  the  promoters  may,  with  the  consent  of  the  Bo.ud  ul  fraue,  sell 
their  undertaking  to  any  person,  corporation,  or  company,  or  to  the  iocai 
anthority  of  such  district ;  and  when  any  such  sale  has  been  made,  all  the 
ri;^hts,  powers,  .lutTiontic"-,  r.l.lijjations,  and  liabilities  (if  -luh  jnoiimtcrs  in 
respect  to  the  undertaking  sold  shall  be  transferred  to,  xesicd  iu,  aiul  may  be 
exercised  )>y,  and  shall  attach  to  the  person,  corporation,  company,  or  local 
authority  to  whom  the  same  has  been  sold,  in  like  manner  as  if  such  tramway 
was  constructed  by  such  )x:rson,  corporation,  company,  or  local  authority 
under  the  powers  conferred  upon  them  by  special  Act,  and  in  reference  to  the 
same  they  shall  be  deemed  to  be  the  promoters." 

In  my  opinion  a  sale  under  section  4,^  would  carry  with  it  the  right 
to  use  the  tramway.  Similar  words  are  used  in  section  4  i  ;  the 
machinery  of  sale  is  resorted  to,  "  the  rights,  powers,  and  authori- 
ties "  are  also  transferred,  and  I  cannot  resist  the  condnsion  that 
under  both  sections  the  buyer  was  intended  to  purchase  and  acquire 
with  the  tramway  the  right  to  use  it. 

It  was  argued  before  your  Lordships  that  the  powers  were  to  be 
regarded  as  the  creatures  of  the  statute,  given  independently  by  its 
provisions  to  "  the  promoters,"  and  that  the  sale  had  nothing  to  sav 
to  them,  and  did  not  carry,  affect,  or  transfer  them.  I  do  not  hnd 
any  such  idea  in  the  judgments  of  the  Court  of  Ai)peal  in  the  London 
case.  Lord  Justue  Lindley  says,  "  The  vendors  have  only  a  right 
of  user,  that  is  by  section  30 ;  they  have  no  land  to  sell,  they  have 
only  an  easement  so  far  as  the  land  is  concerned,  but  they  have  an 
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exclusive  rii^'hr  to  use  the  tramway  by  socii>>n  29.  and  to  gran* 
licences  to  other  persons  to  use  il  by  section  37.  These  ris;hts  wUl 
be  enjoyed  by  the  purchasers,  and  these  rights  must  be  borne  ia 
mind  in  ascertaining  the  value  of  the  txamway.  These  rights  exclude 
any  valuation  of  the  tramway  as  so  much  old  iron  to  be  broken  up 
and  removed.  The  tramway  must  be  valued  as  an  existing  tramwayt 
used  as  such  by  the  vendors  before  the  sale,  and  to  be  used  as  such 
by  the  purchasers  after  the  sale." 

The  words  of  Lord  J  us  t  ice  Smith  on  this  point  are  very  strns^  and 
clear:  *'  1  cannot  doubt  that  what  is  to  be  sold  and  bought  is  no: 
merely  the  tramway  in  situ  as  a  structure,  but  the  undertakint,'  of  the 
company  as  a  going,  toll-earning  concern — that  is  to  say,  the  tram- 
way as  then  in  use,  with  the  rights,  powers,  and  authoriiies  of  the 
company  to  maintain  it  in  the  public  streets,  run  cars  thereon  with 
flanged  wheels  to  the  exclusion  of  all  others,  to  take  the  prescribed 
tolls  for  so  doing,  and  to  exercise  the  Other  powers  contained  in  the 
Act.  Of  tiiih  I  li.ivp  no  duubt ;  the  words  of  the  section  are  clear, 
*  and  thereupon  the  company  shall  sell,'  not  their  rails  and  sleepers, 
but  'their  undertakinir.'  and  when  such  sale  has  been  made,  'all 
the  rights,  powers,  and  authorities  of  the  company  in  respect  to  the 
undertaking'  are  to  vest  in  the  County  Council.'  " 

Lord  ^siiee  Smith,  in  the  clearest  words,  gave  his  opinion  that 
the  company  had  to  sell  "the  powers  granted  to  the  company  of 
running  cars  with  flanged  wheels  thereon  to  the  exclusion  of  all  othen, 
and  of  taking  the  prescribed  tolls  and  the  other  powers  in  the  Act 
mentioned"  ;  and  he  adds  emphatically.  "  that  this  is  what  is  to  be 
sold  by  the  company  to  the  London  CounLy  Council  I  do  not  doubt." 

I  concur  in  this  view  of  Lord  Justice  Smith,  which  I  reij-ard  ns  cf 
the  highest  importance  as  staling  and  explaining  tiie  great  value  ot 
the  subject-matter  to  be  sold.  It  may  be  that  the  language  of  the 
section  is  involved  and  roundabout,  that  the  conveyancing  is  defec- 
tive; but  to  my  mind  it  is  much  more  in  accordance  with  the 
language  of  all  the  sections  of  the  Act  to  hold  the  conclusion  I  have 
indicated  than  to  spell  out  a  narrower  one  in  contradiction  to  what 
I  believe  to  be  the  meaning  of  section  irself.  as  well  as  to  the  clear 
wordj>  <)t  sections  41  and  42,  and  the  construction  required  to  give 
eflfect  to  section  44. 

If,  then,  the  undertaking  sold  comprised  or  included  a  tramway 
capable  of  being  used  and  with  a  right  to  use  it,  the  next  great  ques- 
tion is.  What  is  the  price  to  be  paid  for  it  under  the  section  ?  The 
section  answers  (leaving  out  the  parenthesis  for  the  present),  "the 
then  value  of  the  tramway,  and  all  lands,  buildings,  works,  materials. 
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and  plant."  The  actual  tramway,  in  a  very  literal  sense,  consists  of 
little  else  except  its  iron  rails.  The  then  value  of  the  tramway 
from  the  old  uon  point  of  view,  would  be  a  ludicrous  mockery,  and 
accordingly  every  one— Judges  and  arbitrators  alike— repudiate  any 
sttch  cooBtruction,  and  admit  that  a  wider  interpretation  must  be 
sought.  Lord  fusHce  Smith  says  :  '*  There  can  be  no  doubt  that  in 
any  ordinary  case,  where  an  undertaking,  such  as  the  present,  is  to 
be  sold  and  paid  for,  its  present — that  is,  its  then  value  is  in  practice 
arrived  at  by  capitalising-  its  rental  value."  J//-.  Justice  Mnthrtv 
on  this  point  says  :  "Value  is  to  be  ascertained  as  it  would  have  to 
be  ascertained  where,  for  instance,  the  property  was  rated,  and, 
therefore,  you  must  use  it  in  its  proper  sense.  This  tramway  is  a 
hereditament,  capable  of  earning  profits,  and  assessable  under  the 
Poor  Law  Act.  In  arriving  at  its  value,  it  is  clear  from  the  Pimlico 
case  (9  L.R.Q.B.)  that  the  meaning  of  the  word  value  is  recognised 
in  many  cases  in  pari  materid  statutes,  for  instance,  relating  to 
metropolitan  valuation  in  the  Act  of  1869,  and  also  in  the  Union 
Assessment  Act.  To  get  at  the  value  you  take  the  proBts,  deduct 
the  tenants'  charges  and  profits,  and  what  is  left  is  the  rent  which 
would  be  paid  by  a  tenant  tor  the  opportunity  of  earning  his  profit, 
and  which  would  be  earned  by  the  occupier,  who  is  the  tenant.  That 
is  the  rent,  and  by  capitalising  that  rental  you  get  at  the  value  of  the 
hereditament." 

I  therefore  take  it  that  apart  from  the  parenthesis  *'  the  then  value  " 
would  be  held  to  have  its  ordinary  meaning,  as  stated  by  Lord  Justice 
Snnith.  The  onus  of  proving  that  the  ordinary  meaning  should  not 
be  given  to  the  words  "  the  then  value  "  is  cast  upon  those  who  deny 
it,  and  the  respondents  insist  that  for  this  purpose  they  are  entitled  to 
rely  upon  the  parenthesis,  which  says  "  exclusive  of  any  allowance 
for  past  or  future  profits  of  the  undertaking,  or  any  compensation  for 
compulsory  sale  or  other  considerations  whatsoever."  Prima  faciet 
these  words  imply  that,  but  for  their  use,  the  thing  excluded  would 
have  been  included.  An  exception,  a  parenthesis,  an  exclusion,  under 
ordinary  circumstances,  would  be  held  to  qualify  and  lessen  die 
generality  of  preceding  words.  Here,  according  to  the  contention, 
they  are  used  not  to  abate,  but  to  destroy  and  contradict,  the  ordinary 
meaning  of  the  words,  "  the  then  value.** 

If  the  argument  is  correct  thai  the  value  of  the  tramway  is  only  the 
value  of  the  materials  in  situ,  protits  would  not  need  to  be  excluded, 
because  not  comprised  in  the  original  subject-malter.  U  is  admitted 
that  ''the  then  value  "  is  not  to  be  found  in  the  value  of  old  iron ;  it 
is  admitted  that  something  very  much  more  is  to  be  assessed.  Where 
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is  the  line  lo  be  diawu  .  Lord  Justice  Smith  well  puis  thcquesti<», 
•*  Are  the  words  of  exclusion  in  this  section  so  strong,  when  apfW 
to  the  things  to  be  paidfor-^nunely*  a  trainway  m  astoeuUt 
the  ofdinary  way  of  ascertaining  present  value 

It  must  be  borne  in  mind  that  the  County  Council  can  only  wf» 
ownefship  rights  under  the  sale.  They  can  let,  but  cannot  tbea 
selves  use,  occupy,  or  work  the  tramway.  They  are  debarred  fric 
makin<!f  occupiers'  profits,  and  therefore  it  is  most  reasooable lo pro- 
\  ide  that  no  allowance  should  be  made  for  them  in  the  sale.  It  istMi' 
fair  that  in  a  sale  to  a  public  authority  "  th(^  then  value '"  shou.COw! 
be  run  up  by  history  of  "  past  "  or  the  anticipation  of  "  luture"pToaa 
These  words/' past  or  future,"  are  suggested  by  the  woid"tfc»" 
The  provision  is  that  no  "  allowance  'is  to  be  made,  and  thalis  ler 
far  from  an  enactment  that  the  then  value  '*  nay  not  be  asceitaiaoi 
according  to  the  ordinary  rule  and  practice  in  like  cases.  The  argmuei^ 
of  the  respondents  omoentrates  attention  exclusively  upon  tlK 
parenthesis,  and  i^^nores  and  belittles  everything  in  the  section  whic: 
would  explain  its  terms.  The  Lord  Justice  Gt  ncral  in  his  judgmn: 
well  says  :  *' The  contc  luioii  the  Corporation  seems  to  me  cxptet^ 
to  the  grave  objection  Uiat  it  allows  words  having  a  subordinate 
qualifying  position  to  kill  the  plain  import  of  the  wain  proposrtja 
to  which  they  relate,  and  does  so  by  ascribing  to  those  woids  bm* 
meaning  than,^'mi  facie^  they  bear.  I  cannot  conceifewBr*^ 
Legislature  should  describe  the  transaction  as  a  sale,  and  sayili^ 
terms  are  to  be  the  payment  of  the  existing  value  of  the  tramway,  i  - 
then  incidentally  and  by  way  of  exclusion  put  in  words  which  naif 
the  terms  inconsistent  with  sale  and  purcbasCi  and  inconswient  ^ 
with  payment  of  existing  value." 

It  must  be  remembered  that  *'the  then  value"  of  lands  and  bifll' 
ings  has  also  to  be  measured  under  the  same  section,  and  Uvffddtt 
almost  impossible  to  ascertain  the  value  of  land  and  buildings 
considering  what  rent  a  tenant  would  pay  for  thenu  The  Isod  td 
buildings  may  have  cost  large  sums,  and  no  one  could  suggest  ;^ 
reasonableness  of  giving  less  than  their  fair  value  under  this  proM»'  <^ 
No  "  allowance  "  is  here  to  be  made  for  "  past  or  future  proliu,  ^ 
*'  the  then  value  "  is  to  be  arrived  at  by  the  ordinary  mt- ihods. 

It  is  also  not  to  be  forgotten  that  under  this  section  a  tramway  <^ 
pany  might  be  compelled  to  sell  the  most  paying  and  successful^' 
of  its  undertaking,  retaining  only  the  part  which  barely,  if  at  ill  P* 
its  expenses.  Under  this  section,  admittedly,  they  could  ff^^^^ 
pensation  for  compulsory  sale,  or  for  severance.  The  company  conc^< 
that  they,  under  its  terms,  are  debarred  from  "any  allowance'^ 
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their  profits  in  *'  the  fwist "  or  their  hope  of  greater  profits  io  "  the 
future* ;  but  could  it  have  been  intended  that  in  providing  they  were 

to  get  "  the  then  value  "  they  were  to  get  less  than  would  come  to 
them  under  the  ordinary  rule,  and  be  subjected  to  an  arbitrary  stand- 
ard discovered  by  the  arbitrator  ?  The  Kirkleatham  case  is  important 
as  showing  (to  quote  Air.  Justice  Ilenn  Collins)  "  the  words  which  the 
Legislature  ust.^  when  it  docs  intend  that  the  thing  sold  and  the  thing 
paid  for  shall  be  the  materials,  and  not  the  right  to  use  the  materials." 

The  section  in  the  present  case  is  framed  in  an  entirely  different 
manner,  because,  in  my  opinion,  the  Legislature  contemplated  a 
different  operation  with  different  results.  No  question  of  hardship 
can  be  considered.  The  construction  of  this  section  is  all  that  is 
before  your  Lordships.  I  venture  to  think  that  the  construction  suj^- 
gested  by  the  County  Council  is  unreasonable,  and  that  it  would  be 
natural  to  expect  that  if  the  Legislature  contemplated  such  a  mean- 
ing they  \v(juid  have  said  so  in  plain  language.  The  weighty  words 
of  J//-.  Justice  Mathew  are  uorihy  ol  attention  : — "  This  Act  of  Par- 
liament was  intended  to  inform  the  public  who  were  disposed  to 
tiecome  shareholders  in  any  undertaking  of  this  sort,  and  one  would 
expect  plain  language  addressed  to  such  persons  and  their  advisers 
as  to  what  Parliament  meant.  If  Parliament  meant  to  inform  the 
public  *  you  shall  not  have,  at  the  end  of  21  years,  compensation  for 
the  value  of  the  undertaking,  but  the  undertaking  shall  be  sold  and 
the  materials  in  situ^  less  depreciation,'  I  cannot  help  thinking  that 
very  few  tramways  would  have  been  constructed  under  these  circum- 
stances, because  a  shareholder  proposing  to  take  shares  must  satisfy 
himself  that  the  profits  of  the  undertaiving  would  not  only  pay  hira 
interest  upon  his  investment,  but  would  restore  to  him  wholly  or  par- 
tially, at  the  end  of  ai  years,  his  capital." 

I  have  already  intimated  the  doubts  which  I  must  entertain  of  the 
soundness  of  my  views  when  I  recognise  the  high  authority  of  those  who 
have  reached  adifferent  conclusion,  but,  with  all  deference  and  submis- 
sion, in  my  opinion  the  judgment  appealed  from  should  be  reversed. 

The  judgn^cnt  of  the  Court  below  was  affirmed,  and  the  appeal  dis- 
missed with  costs. 

The  London  Street  Tramways  Company  v.  The  Ix>ndon 

County  Council. 

This  appeal  from  a  decision  of  the  Court  of  Appeal  involved  a 
similar  question.  The  appellants  have,  under  the  authority  of  their 
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Acts  of  Parliament,  laid  down  and  constructed  trunwaysin  cetlaiB 
streets  of  the  metropolis,  and  work  such  trunways  vfth  can 
horses*  and  own  or  bold  on  lease  various  depots  m  ooonecdon  to* 
with.  A  large  section  of  the  tramways,  being  the  tramways  is  (po- 
tion in  this  appeal,  were  constmcted  and  worked  under  the  po*w 
of  the  London  Street  Tramways  Act,  1870.  By  section  44  (rf  dot  Aa 
it  was  provided : — 

**  The  MetropoUttn  Board  ofWbrics  may,  if  by  resohitioo  pased  A  t  ^ 

mwrling  they  so  decide,  within  six  month>  after  the  txpir  irion  of  a  pcnfti  : 
iwcnly-onc  years  from  the  passing  of  this  Act,  and  Mithm  ^  ^ 
the  expiration  of  every  subsequent  period  erf  seven  y«tf^  or  tritiBB 
montltt  after  any  order  made  by  die  board  of  Trade  under  either  of  tbt  tf 
nrxt  prrcc'iin;;  -ertioiLS  with  the  approval  of  the  Board  of  Trade,  bvnobcta 
WTitinjg,  require  the  company  to  sell,  and  iherrupon  the  company  saall  sdl» 
them  tbeir  undertaking  upon  terms  of  paying  the  then  vahie  (exdnneof  iff 
allowance  foi  past  or  future  profits  of  the  iniilcrtakin;^,  or  any  n^?er<3Kc 
for  cumpuisoty  sale,  or  other  considcratioa  whatsoever;  of  the  traniwa)  in- 
lands, boildiiigs,  works,  materials,  and  plant  of  the  crnnpany  sdtafale  to  ai 
used  by  th.  ;n  for  the  purpo-<.  >.  of  their  uinlcrlakin^',  -ueh  %.ilnc  to  be  in ck 
ditference  determined  by  an  enguieer  or  other  hi  j>crson  nominated  x»  rctert: 
by  the  Board  of  Ttade  on  the  application  of  dthcr  party,  and  tbe  expense 
the  reference  to  be  borne  and  paid  as  the  referee  iltrci  i- ;  an*!  v^hen  l]ly^a^i 
>alc  has  been  made  all  the  rij^nts,  powers,  and  authorities  of  the  coiap*nyi' 
respect  to  the  undertaking  sold,  or  whe^'e  any  order  has  been  made  tyik 
Board  of  Trade  under  either  of  the  next  preceding  sections,  all  tbe  njitN 
jM)wcr«,  nnd  .lutliririti!.  -  (Tthe  comp.my  prexious  to  the  in  .ki;i^'  <>f  -u:h.  ordaR 
rc>{>e<.l  ul  il.t  uaJtrial^ag  sold,  shall  be  transferred  to,  vested  m,  andmaT^ 
exercised  by  the  Metrojiolitan  Board  of  Wotks  in  like  manner  as  if  that  Ru- 
had  been  r.r.thrin>.(.'ii  lis  ihU  Act  to  construct  the  tramw.i^-s  and  b<i 
named  in  this  Act  mstead  of  the  company.    No  such  resolution  shall  be 
unless  a  month's  prevtoos  notice  of  the  meeting  and  of  the  purpose  tberec^is^ 
Ikcu  given  in  manner  in  which  notice>  of  iiKctin^'-.  *'f  -ucn  Board  arc  a>ui.' 
gi^co,  nor  imless  two-thirds  of  the  members  constituting  such  Board  i^-- 
present  and  vote  at  the  meeting,  and  a  majority  of  those  present  and 
concur  in  ilie  resolution,  and  it  -lull  Ik  hiu  fui  for  the  chairman  of  any  - 
mccting,  with  the  con:»ent  of  a  majority  of  the  members  present.  10  adjo8Hi*'J' 
same  from  time  to  time,  and  the  Metropolitan  Board  of  Works  may.  iB«^ 
to  raise  money  for  the  purpose  of  carrying  this  section  int  1  effect,  ofi 
.ulditional  slock,  not  exceeding  in  the  whole  j^joo.ooo.  under  thv  Mitrop-UJ: 
Board  of  Works  <I^ans)  Act,  1869,  in  like  maTiiier  ami  w  uh  the  like  aaix'J' 
in  and  with  which  they  may  create  slock  in  eirder  to  raise  money  fof 
pur]Kises  of  the  Acts  mentioned  m  the  first  ^^  hedule  to  that  Act,  and  al! - 
provu>ions  of  thai  Act  shall  appK-  as  if  that  money  were  raii^ed  and  thai  -ic>. 
were  reated  for  the  purposes  of  the  last-mentioned  Acts,  vidi  theexcef'^'^ 
that  the  money  rtHjuiretl  }'( ii  the  p-arj-inscs  of  this  seelion  innv  he  be^rroveii-' 
them  in  addittoa  to  the  sum  Imiited  by  section      of  the  Metropobtan  Bo^^- 
Works  fLoans)  Act.  l86.>,  provided  always  that  the  Metropolitan  Bari'- 
Works  snail  not  urnier  the  power-  oT  tlii  'Aet  and  of  anv  udur  Actpxv<^!r 
the  present  Session  tor  the  construction  of  tramways  in  tfie  Metrupolb  aEj  "* 
theTkamways  Act,  1870,  create  additional  stock  evcecding  in  die 
/joo,ooo." 
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The  respondents  in  this  action,  under  the  provisions  of  the  Local 
Government  Act,  1888,  have  succLcdcd  to  ali  the  rights  and  duties  of 
the  Metropolitan  Board  of  Works,  including  the  rights  conferred 
by  the  said  44ih  section.  In  pursuance  uf  Lhe  said  powers  the  respon- 
dents duly  gave  notice  in  writing  to  the  appellants,  that  the  respon- 
dents requited  the  appellants  to  sell  to  them  the  tramways  and  works 
and  undertaking  authorised  by  the  London  Street  Tramways  Act, 
1870,  and  in  pursuance  of  the  said  Act  the  Board  of  Trade  duly 
appointed  Sir  Frederick  Bramwell  as  referee  to  determine  the  value, 
exckisive  of  any  nHowance  for  past  or  future  profits  of  the  undertaking 
or  any  compensation  for  compulsory  sale  or  other  consideration  what- 
soever, of  the  tramways  constructed  under  the  authority  of  the  said 
Act,  and  of  all  land,  buildings,  works,  materials,  and  plant  of  the 
Tramway  Company  suitable  to  and  used  by  them  for  the  purposes  of 
the  undertaking  authorised  by  the  said  Act 

In  Uie  course  of  the  proceedings  the  appellants  proposed  to  tender 
evidence  of  the  actual  promts  made  by  them  on  the  purchased  tram- 
ways, and  stated  that  the  object  of  such  evidence  was  to  arrive  at  the 
vaTue  of  the  tramways  by  takinj^  a  certain  number  of  years'  purchase 
of  the  profits  to  be  shown  by  such  evidence.  The  respondents  objected 
to  such  evidence  on  the  ground  that,  having  regard  to  the  terms  of 
the  London  Street  Tramways  Act,  1870,  the  referee  was  prohibited 
from  taking  past  profits  into  consideration  for  the  purpose  aforesaid. 
The  referee  refused  to  receive  such  evidence  on  the  ground  that  the 
terms  of  the  said  Act  did  not  authorise  or  permit  him  to  adopt  a 
method  of  valuation  based  on  years*  purchase  of  profits. 

Thereupon  the  appellants  tendered  further  evidence  to  show  the 
rental  value  of  the  purchased  tramways  considered  as  le:  or  capable 
of  being  let  to  a  tenant,  and  stated  that  the  object  of  such  evidence 
was  to  arrive  at  the  value  of  the  |)urchased  tramways  exclusive  of  any 
allowance  lor  past  or  future  proUis  of  the  undertaking.  The  respon- 
dents objected  to  such  evidence,  but  the  referee  admitted  the  same, 
subject  to  such  objection  as  might  be  taken  on  its  being  shown  by 
cross-examinatu>n  or  further  evidence  that  the  proposed  mode  of 
arriving  at  a  value  by  means  thereof  involved  an  allowance  for  past  or 
future  profits  of  the  undertaking,  and  on  such  evidence  and  cross-ex- 
amination being  completed,  and  such  objection  taken,  the  referee 
abstained  from  taking  such  evidence  into  consideration  in  arriving  at 
the  value  awarded,  on  the  ground  that  the  mode  of  valuation  to  which 
such  evidence  was  directed  involves  an  allowance  for  past  or  future 
profits  within  the  meaning  of  the  said  section. 

The  respondents  tendered  evidence  to  show  the  opinion  of  expert 
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witnessM  as  to  the  proper  cost  of  construction  of  the  purchased 

tramways  and  the  depreciation  of  snrh  v.ihie  by  comparing'  the  con- 
dition at  the  time  of  sale  and  purchase  with  the  condition  when 
newly  constructed,  and  stated  that  the  object  of  such  evidence  was 
to  arrive  at  the  value  on  the  basis  of  coi>t,  less  depreciation.  Th 
appellftQts  objected  to  such  evidence  on  the  ground  that  evidence  ot 
the  cost  of  construction,  either  with  or  without  depreciation,  was  b* 
admissible  for  the  purpose  of  ascertaining  the  value  according  to 
the  true  intent  and  meaning  of  the  said  section.  The  referee  ad* 
mitted  such  evidence  as  giving  information  which  he  might  properiy 
take  into  consideration  in  determining  the  value  within  the  meaaio^ 
of  the  said  section  under  the  circumstances  aforesaid. 

The  referee,  with  a  view  to  ascertain  the  value  of  the  purchasd 
tramways,  measured  by  what  would  be  the  cost  of  establishing  thr 
purchased  tramways  as  existing  at  the  time  of  sale  and  purchase, 
required  evidence  of  the  cost  of  obtaining  the  Parliameotaiy  powers 
necessary  to  authorise  the  construction  and  use  thereof,  and  evidence 
relating  to  certain  Outgoings  which  in  the  course  of  the  reference 
had  been  im  idcntally  mentioned,  and  appeared  to  be  outgoings  of 
the  kind  necessarily  or  usually  involved  in  tiic  construnion  and 
establishment  of  tramways  such  as  the  purchased  tramways,  ana 
some  such  evidence  was  given. 

In  the  course  of  the  proceedings  an  agreement  was  made  betweeo 
the  appellants  and  the  respondents  as  to  the  price  to  be  paid  by  tbe 
respondents  for  such  of  the  dep6ts  of  the  appellants  as  the  respon- 
dents required  to  purchase,  and  as  to  the  separate  valuations  of  the 
horses,  cars,  harness,  and  stable  utensils,  plant,  machinery,  tooU 
and  other  mat.Tials  in  sur]\  a^^'-reement  more  particularly  described. 

The  referee  having  heard  the  evidence  given  nn  behalf  of  the 
appellants  and  the  respondents  respectively,  and  the  arguments 
their  counsel  respectively,  duly  made  and  published  his  award, 
dated  the  nth  day  of  March.  1893,  by  which  he  determined  and 
awarded  that  the  sum  of  ;^64,50o  was  the  value  of  the  pordiased 
tramways  and  the  works  thereof,  other  than  the  works  comprised 
in  the  before-iDentiooed  agreement,  exclusive  of  any  allowance 
past  or  ftiture  profits  of  th"  niidertaking,  or  any  compensation  for 
rotnpulsoiy  purchase  or  other  consideration  whatsoever,  except  the 

nsideration  of  the  value  to  the  appellants  or  the  respondents, 
measured  by  what  it  would  cost  either  the  appellants  or  the  respoo- 
dents  to  establish  the  purchased  tramways  if  such  tramways  did  not 
now  exist,  but  taking  into  account  a  proper  deduction  in  respect  «f 
depreciation. 
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The  appellants  gave  notice  of  motion  to  set  aside  or  to  send  back 
to  the  referee  the  award,  and  the  motion  was  heard  before  the 

Divisional  Court  of  the  Queen's  Bench  Division,  consisting  of  Mr. 
Justice  Mathew  and  Mr.  Justice  Collins,  in  January,  1894.  The 
learned  judges,  hasing  taken  time  to  consider,  gavejudgment  infavour 
of  the  appellants,  ordering  the  award  to  be  remitted  to  the  referee  for 
reconsideration  and  redetermination,  and  the  costs  of  the  motion  to 
be  ttltimately  paid  by  the  respondents.  The  respondents  appealed 
from  this  judgment  to  the  Court  of  Appeal,  and  their  appeal  came  on 
to  be  heard  before  Lord  Justice  Dndley,  Lord  Justice  Kay,  and  Lord 
Justice  A.  L.  Smith,  in  March,  1894.  "^be  Court,  having  taken  time 
to  consider,  gave  judgment  allowing  the  appeal,  and  discharging  the 
order  with  costs  of  such  appeal  and  of  the  Divisional  Court.  The 
company  thereupon  appealed  to  the  House  of  Lords. 

Sir  R.  Webster,  Q.C,  Mr.  Cripps,  Q.C.,  and  Mr.  H.  Sutton 
appeared  for  the  appellant  company  ;  and  Mr.  Finlay,  Q.C.,  and  Mr. 
Freeman  for  the  London  County  CounciL  The  case  having  been 
argued,  judgment  was  reserved,  and  their  Lordships  now  delivered 
formal  judgment,  dismissing  the  appeal  with  costs. 

The  Lord  Chakcbllor. — have  carefully  considered  the  distinc- 
tions  pointed  out  between  this  case  and  that  in  which  judgment  has 
just  been  dt^ivered,  hut  I  think  with  those  of  your  Lordships  who 
heard  the  case  that  there  is  no  such  difitercnce  as  to  lead  to  a  different 
cunciusion. 

Lord  Watson  and  Lord  Shand  concurred. 
Lord  Ashbouknb  said  that  he  diffiered  from  the  rest  of  their 
Lordships  in  this  as  he  had  done  in  the  previous  case. 

The  judgment  of  the  Court  of  Appeal  was  affirmed,  and  the  appeal 
dismissed  with  costs. 
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Total  Working  Expenditure  on  all  the  Tramways 
OF  the  United  Kingdom  for  the  Year  endinc 

June  30,  1893.* 


1 

Per  cent. 

Items. 

Workings 
expenditure. 

Per  mile 
open. 

of  toUl 
expendi- 

ture. 

c 

1  Per  cent. 

Maintenance  of  way  and  works 

188,461 

196 

1  6-64 

Locomotive  power  . 

122,776 

128 

4*33 

Horsing^,  or  animal  power 

1,060,879 

37-38 

Repair  and  renewal  of  engines 

54,099 

1*90 

Repair  and  renewal  of  cars  . 

123,306 

128 

435 

Renewal  of  horses  . 

144,969 

512 

Traffic  expenses 

791.055 

2788 

Direction  and  management  . 

82,970 

2 '93 

Rent    of   tramways  (offices, 

stables,  and  sheds) 

47.978 

1-68 

Rates,  taxes,  and  turnpike 

tolls  

80,541 

84 

2-84 

Compensation  for  personal  in- 

jury ..... 

29,296 

1*04 

Legal  and  parliamentary 

9.374 

10 

•34 

Sundry  

101,742 

106 

3-58 

Totals  . 

2,837.446 

2.953 

10000 

•  See  antc^  p.  48. 


730 


APPENDIX. 


APPENDIX  D. 


MILEAGE   LENGTH   OF  STREET   RAILWAYS   IN  THE 
UNITED  STATES  OF  AMERICA,  WITH  CAR-STOCK. 

The  subjoined  Table  *  shows  the  street-railway  mileage  opened, 
with  the  number  of  cars  worked  by  horse,  electrical,  cable,  and 
steam-power,  in  the  several  United  States  of  America,  for  tbe 
year  iSg^,  with  totals  for  1892  added  for  comparison.    The  tnileagt 

len^jth  i?  single  track,  one  mile  of  double  track  beingf  counted  as 
two  of  single  track,  and  switi  hes  in  addition.  The  numbers  of  c^rs 
under  tl»e  hcadin>;s  cable,  electrical,  and  steam,  include  trail  cars  as 
well  as  motor  cars  : — 

*  Adspted  fimn  Tht  Stmt  Railway  y^mrmd^  Januar)-,  t8<H. 
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STRSBT  RAILIVAYS  IN  AMERICA 


Comparison  of  the  Mileage  and  Cars  of  Street  Rail- 
ways IN  THE  United  States  of  America,  for  the 
Years  ending  December  189a  and  1893. 


btates  and  Terh- 
toriei. 


Al.i'j.iniu  .  , 
Artzon;i  .  . 
Arknnsa*  , 
CailiE'ornia  , 
CoJondo .  . 
Connecticut 

District  ColiuabuL 
Florida  .  . 
Geor^a  .  . 

Idahn  .    .  . 

InJianci 
Iowa.  . 
KansA4    .  . 
Kentucky  , 
Louisiana 
Main»*  .    .  . 
M;tr>t.iad  « 
Ma.s<;.acllliMttl 
Mirhj>;.in.  , 
M-tincxit.i  , 
Miisintppi  . 
Mitsoon  <  . 
Montana .  . 
Nebraska 
N'cw  ILiinpsliir 
New  Ji  Ticy  . 
New  York 
Ntirth  C\irolio* 
Ohio    .    .  . 
Oregon    .  . 
Pennsylvania 
Kb.ule  Island 
South  Car<flin.A 
Swub  Dakota 
TtfUIMM 

T«Bas«  .  . 
Utah  .  .  . 
y<n»oBt  . 

"Viirifinla  .  . 

Wishinjftcin 
Wc<it  Virginia 
Witconsi'i  . 
^\'yo^linf; 

IV.t.il  i8oj 


Electric. 
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INTRODUCTION  OF  AMERICAN  STREET 
TRAMWAYS  INTO  EUROPE. 

By  CHARLES  BURN,  C.E. 

The  American  horse  tramway  for  the  conveyance  of  passengers 
through  the  streets  of  cities,  thoug^h  in  use  in  the  Ignited  States  «inre 
I8^5,  was  not  introduced  ioto  England  until  i86o,  nor  on  the  Conti- 
nent until  1861. 

In  i860  the  American,  Mr.  George  i*'iancis  Train,  with  the  co- 
operation of  Mr..  G.  B.  Bruce,  Mr.  James  Samuel,  and  Mr.  Chaiies 
Burn,  civil  engineers,  and  others,  obtained  permission  of  the  paiish 
vestries  to  lay  down  tramrails  along  the  Kenniogtoa  Road,  fno 
Westminster  Bridge  to  Kennington  Common,  from  Westminster 
Abbey  along  Victoria  Street  to  Victoria  Station,  and  from  the 
Marble  Arch  to  Netting  Hill  Gate,  along  the  Hayswater  Road- 
Registered  companies  were  formed  to  carry  them  out,  the  capitals' 
which  was  privately  subscribed  by  Mr.  Train  and  his  friends. 

The  tramrail  adopted  was  what  was  then  known  as  the  Phila- 
delphia tramrail,  being  5  inches  wide.  3  inches  of  which  uras  flat* 
with  a  raised  flange  on  one  side  3  inches  wide  and  f  inch  in  hdgliti 
the  flat  portion  to  be  for  the  use  of  the  ordinary  vehicles.  The  gasge 
was  4  feet  8^  inches.  The  rail  was  fixed  to  longitudinal  sleepeis, 
resting  upon  cross  ties,  laid  upon  the  substratum  of  the  roadway. 

This  rail,  havinif  a  flat  portion  which  could  be  used  by  ordinary 
vehicles,  was  thou^dit  to  offer  great  advantages  to  the  public,  and 
that  less  objection  would  be  raised  to  laying  it  down  in  the  pubhc 
thoroughfares  than  the  grooved  rail,  which  could  be  used  by  the 
tramcars  only  ;  but  it  was  soon  found  to  be  very  objectionable.  The 
horses  of  the  ordinary  vehicles  slipped  upon  the  flat  portion  of  ^ 
rail,  and  the  raised  flange  seriously  obstructed  vehicles  ctossisg 
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the  tramway,  causing  breakage  of  the  axles,  &c.,  so  that  great 

opposition  was  raised  by  tho  owners  of  privrite  carriag'es  and 
other  vehicles  against  the  Tramways,  leading  to  leg'al  proceed- 
ing's beinj^  taken  ag-ainst  the  Tramway  Companies,  the  result  being 
that  the  Companies  were  compelled  to  remove  the  rails  and  rein- 
state the  roadways.  Tramways  were  considered  a  nuisance  and  not 
adapted  for  London ;  so  that  hy  having  adopted  an  unsuitable  rail 
the  introduction  of  tramways  into  London  was  delayed  ten  years. 

Mr.  Train  also  obtained  permission  at  the  same  time  from  the 
local  authorities  at  Birkenhead  to  lay  down  tramways  in  that  town, 
thj?  same  rail  being  adopted  as  in  London.  The  local  street  traffic 
not  beings  there  so  lar/2^e  as  in  London,  no  great  objection  was  nisod 
there  as^ainst  the  rail ;  so  the  Birkenhead  tramway  was  allowed  to 
remain.  Afterwards  Parliamentary  powers  were  obtained  by  the 
Tramway  Company,  the  old  rail  was  supplanted  by  the  grooved  rail, 
and  this  tramway  has  been  working  ever  since ;  so  the  Birkenhead 
tramway  may  be  regarded  as  the  first  American  tramway  constructed 
and  successfully  worked  in  England. 

Three  years  previously,  or  in  1857,  a  concession  was  granted  by 
the  French  Government  to  a  Monsieur  Boyer  Bardy  to  construct  and 
work  an  American  horse  tramway  from  Clermont-Je rra u d  to  Rcom, 
in  ilie  Department  of  the  Puy  de  Dome.  This  concession  he  trans- 
ferred to  Mr,  Charles  lUirn,  C.E.,  in  1850,  who  endeavoured  to 
carry  it  out  by  means  ot  an  English  company  called  "  The  Anglo- 
French  Tram  Railroad  Company,  Limited."  This  company  was 
the  first  English  tramway  coropany  registered  in  London.  Attempts 
were  made  to  raise  the  capital  in  London,  but  without  success ;  so 
the  project  was  abandoned  and  the  concession  lapsed.  The  cahier 
des  charges,  or  conditions  upon  which  this  concession  was  granted, 
has  been  the  model  upon  which  concessions  for  tramways  on  the 
Continent  since  granted  have  been  based. 

In  ?86i  a  concession  was  obtained  by  Mr.  Charles  Burn,  C.E., 
for  the  construction  and  working  of  an  American  tramway  in 
Switzerland,  from  Geneva  to  Carouge,  a  length  of  about  two  miles. 
The  iHmditions  upon  which  this  tramway  was  granted  were  based 
upon  the  model  of  the  Clennont-Reom  concession,  with  this  ex- 
ception,  that  by  reason  of  want  of  knowledge  and  experience  on 
the  part  of  the  authorities  as  to  the  construction  and  working  of 
American  street  tramways  in  Europe,  and  the  effect  upon  other 
vehicles  using  the  roadway,  the  concession  was  made  a  conditional 
one  for  five  years  only,  at  the  end  ot  which  time,  if  the  tramway  was 
tound  to  impede  the  ordinary  traffic,  or  iound  to  be  a  nuisance,  the 
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concessionaire  was  bnnnd  to  remove  it;  if  Otherwise,  the  concession 
held  good  for  another  titty  years. 

The  tramway  was  constructed  and  opened  by  Mr.  Burn  in  iS6i, 
and  proved  a  great  success ;  so  that  within  twelve  months  aft«r  the 
opening  the  concesiion  was  made  definitive  for  fifty-five  yeajrs. 

Thia  being  the  first  American  tramway  constructed  on  the  Coiw 
ttnent,  it  attracted  notice  from  all  parts ;  so  that  within  a  few  years 
concessions  were  obtained  for  tramways  in  Vienna,  Hamborg, 
Copenhagen,  and  Berlin,  and  they  arc  now  found  in  most  European 
cities,  and  have  proved  to  be  n  g-reat  beneht  to  the  inhabitants,  and 
generally  remunerative  to  the  proprietors. 

In  Kng^land  the  tramway  idea  lang^uished.  It  was  ten  year>  after 
Mr.  Train's  tirst  attempt  to  establish  tramways  in  London  in  i860, 
that  a  second  attempt  was  made.  After  the  ezpendituxe  of  many 
thousand  pounds  aod  against  great  opposition,  an  Act  of  F^iament 
was  obtained  by  an  Anglo-American  Syndicate  for  the  constructioo 
of  tramways  in  North  London. 
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TRAMWAYS  IN  GERMANY:  A  COMPARISON  BETWEEN 
THE  COST   OF  HORSE-TRACTION  AND  ELECTRIC 

TRACTION. • 

(Zdtschrift  inr  TraDsportwesen  und  StnssentMU,  1893,  p.  452.) 

The  comparison  is  founded  on  many  years'  experience  of  an  im- 
portant German  tramway  company  in  horse-traction  (tiie  situation  of 
which,  however,  is  not  given),  and  by  carefully  obtained  trial-results 
in  electric  traction. 

The  tiamway  selected  is  8*08  mUes  in  length,  and  establishes 
intercourse  between  a  large  town  and  several  suburbs.  The  time- 
table is  so  prepared  that  the  trams  run  at  6.0, 6.30,  7.0  AM.,  and 
then  every  quarter  of  an  hour  until  9  p.m.,  after  which  they  run  at 
9.jo»  1 0.0,  lajo^and  ii  P.M.  The  car^  which  is  a  one-horse  one, 
carries  thirty  persons  inclusive  of  driver  and  guard;  on  twenty  dajPS 
of  the  year  it  is  necessary  to  double  this  service. 

With  the  use  of  horse-traction,  a  speed  of  eight  to  ten  miles  an 
hour  is  the  limit,  and  eight  cars  are  required  for  the  service  ;  126  (2 
X  63)  single  tours  are  made  daily,  and  1018  08  (126  x  8  08)  car-miles 
are  run,  consequently  391,  961  [(365  +  20)  x  1018*08]  car-miles  are 
run  in  the  year. 

As  the  daily  performance  of  a  horse  in  tramway  work  amounts,  on 
the  average,  to  16  miles,  theoretically  63  horses  are  required  for  the 

usual  traffic,  but  in  practice,  10  per  cent,  more  are  added  to  make 
allowances  for  disease  and  rest,  so  that  70  horses  arc  kept.  The 
70  horses  represent  a  capital  of  /  ^150  (70  x  /45),  and  a  further 
sum  of  j^4i230  is  required  lor  land  and  buildings.    The  following 

•  For  this  paper  the  Author  is  indebted  to  the  Minutes  of  the  Proceedings 
of  the  Institution  of  Ltvil  Engtnet-rs^  vol.  cxvi.,  session  i893>94,  where  it 
appears  amongst  the  Foreign  Abstracts. 
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tables  are  then  given  as  representing  the  yearly  cost  of  horse* 
traction : — 

I.— Paymrmt  of  Interest  and  Depreciation. 

4  IXT  cent,  mlcrest  on  ;^7,400  (^3,1  W  +  ^^4,250)        .    296  0  o 
15     »      deprecutioii  of  cafHtaTvuiie  oHiorseft        .  472  10  o 
ii    «    biuldiiig*    .    63  15  0 

Total   .  .         5  0 


n.— Cost  op  Makaoement. 


Salary  of  luauajjcr 
Wages  ofeiKht  driven 

W.i;:i:-s  of  six  stalilc-hnvs 
Provender  lor  seventy  horsc:i 
Harness  and  shodn^  . 
Vi  trtinan-  treatment  . 

Sundries  .... 


Total 


90  o  o 

560  O  0 

150   O  0 

2,175  o  0 

2S7  10  o 

6  ;   (■>  0 

100  o  o 

T2  10  0 


o  o 


These  two  sums,  amounting  to  ^4,1 32  5s.  od.  yearly  for  70  hones, 
gives  JB.  2'8d.  per  horse  per  day.  But  to  this  sum  is  still  to  be 
added  the  hiring  price  of  63  horses  for  20  days  at  5s.  per  day« 
which  amounts  to  £7,1$.  Therefore  the  total  yearly  disburseraent 
for  horse -tract  ion  is  £^^y  5s.  od.,  the  cost  per  car-mile  being 

'         \         391.06!  / 

The  estimate  for  electric  traction  is  founded  on  the  overhead  Bsc 
system  of  0.  L.  Kummer  &  Co.,  of  Dresden.  Each  cat  is  ptovided 
with  z  electromotors  of  8  H  .P.  The  capital  required  is  estimated  a$ 
follows : — 

£    »-  ^■ 

laud  150    O  O 

Hullcluigs  1,600   O  O 

Boiler  and  engine  and  two  dynamos*  including  all  fit> 

tin;:^   .^.r^*^  o  0 

Length  ot  miles  of  Ime-work,  rtxed  complete  .  3,500  o  0 
Electric  fittings  fw  nine  cars,  one  of  which  stands  in 

rescr\*e   *»25o  o 

Total  capital  espoiditure       .      .  11,250  0  0 
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The  following  tables  are  then  given  as  representing  the  yearly  cost 
of  electric  traction : — 

1.— f  AVMENT  OF  IXTERF.ST  AND  DePRF.CIATIOX. 

4per  cent,  interest  on  X< I < ....      450  o  o 

depreciatioin  on  Iniildings  account  .               24  o  o 

7f     »•                           engine,  Sec,  account      .        281  5  o 

S      tt             I-            line- work  accoimt  .      .       175  o  o 

15      M           ft           electro-motors  account  .       337  10  o 


Total  1,267  15  o 


II.— Cost  of  Manag£M&nt. 

Salary  of  manajjer    oo  O  O 

Wages  lor  ilirce  cngmemcu   180  o  O 

Fuel   850  O  O 

Cam" a of  cinders   10  o  o 

Lubricants   125  O  O 

General  repairs   325  o  O 

Sundries   7a  5  o 


Total     .  .     1,532  5  ©• 


These  two  sums,  amounting  tojQ2,^OQ,  give  i*72d.  per  car-mile  a» 

the  cost  of  electric  traction. 

The  paper  concludes  in  enumerating  several  advantages  that 
electrical  cars  possess  over  the  horse-cars  in  the  matter  of  speedy 
safety,  and  size  in  crowded  streets,  as  well  as  in  cost. 

J.  A.  T. 
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GAS  MOTORS  FOR  TRAMWAYS.* 

<  r.y  X,  Kemper,  Dca^au,  Journal  fur  Gasbeleuthtuug,  189J,  p.  505.) 

Only  twenty-six  year»  have  elapsed  since  the  first  bof8e<tnm«aj 
was  estahltshed  io  Germany,  but  in  1889,  in  aboat  fifty  towns,  tbac 
were  838  miles  in  use,  while  in  the  United  States  much  greatff 

pro^^'^ress  has  been  made. 

With  horse-tramways,  in  addition  to  the  heavy  cost,  there  is  the 
objection  to  the  litter  thoy  create,  especially  at  stopping  places. 
The  cost  of  Imrses  for  one-horse  cars  amounts  to  from  rjj  to  i  50 
pence  per  car  per  mile,  and  twice  as  much  for  two-horse  cars;  b«t 
the  cost  of  the  motive  power  is  small  compared  with  the  total  cost, 
including  veterinary  surgeons,  medicines,  renewal  of  horses,  ste- 
iug,  and  repairing  and  cleaning  the  streets,  all  of  which  bring  ^ 
total  cost  of  working  a  one-horse  tramcar  to  4*5  to  5*4  pence  per 
mile,  or  for  a  two-horse  car  5*8  to  773  pence  per  mile.  Horses  have 
the  advantage  over  other  motors  that  they  more  easily  overcome 
obstacles  ;  experiments  have  shown  that  a  horse,  pulling  a  full 
tramcar,  temporarily  exerts  more  than  ten  times  the  nominal  traction 
power.  Horse-cars  are  also  light,  weighing  only  to  2  to  actons, 
while  the  weight  of  a  motor-car  is  4  to  7  tons  and  more. 

With  steam-power  there  is  not  only  the  nuisance  of  smok^ad**» 
and  sparks,  but  also  the  disadvantage  of  weight  and  the  genen) 
difficulty  of  working,  and  the  working  expenses  are  so  heavy  tlitf 
steam  can  only  be  used  advantageously  when  several  cars  aie  taken 
together.  At  Berne  compressed  air  is  used,  compressed  at  a  ceotiai 
station  to  50  atmospheres,  one  horse-power  being  required  to  com- 
press 148  cubic  feet  of  air.   The  speed  of  the  car$  is  about  7  mik^ 

•  For  this  paper  the  Author  is  mdebted  to  the  SiinuUs  ofUht  ^f^^^j^. 
of  the  Institution  of  Civil  Engineers,  vol,  cxvi.,  seSStOO  l893-94» 
appears  among&t  the  Foreign  Al^tracts. 
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per  hoar,  which  can  be  increased  to  over  9  miles  per  hour.  A  car 
weighs  about  7  tons,  and  carries  ao  passengers. 

Cable-trams  are  suitable  for  steep  gradients,  but  they  can  seldom 
be  used  in  a  town,  as  the  cable  must  beenclospH,  md  passing  places 
can  only  be  worked  w  ith  horses  or  supplementary  cables.  Hydraulic 
and  also  benzene  and  naphtha  motors  have  also  been  proposed,  and, 
in  New  York,  trials  have  been  made  to  utilise  liquid  carbonic  acid. 
Electric  motors  have  also  been  extensively  adopted  la  America,  and 
th^  are  loolced  upon  with  much  favour  in  Germany ;  but  it  has  beec 
found  difficult  to  charge  the  accumulators  on  the  cars. 

For  working  tiamcars  with  gas  the  receivers  are  six  to  ten  in 
number,  having  a  total  capacity  of  44  to  88  cubic  feet,  and  are 
placed  beneath  the  floor.  The  gas  supply  is  taken  from  the  mains, 
only  n  supply-station  and  a  small  compressing  engine  being  needed  ; 
one  or  raorc  such  stations  being-  provided,  according  to  the  length  of 
the  line,  each  station  costing  ^"400  to  £Goo.  A  plan  for  a  compress- 
ing^-station  is  ^nven,  showing  an  8-H.P.  gas-engine  with  a  compressor 
capable  of  compressing  2,130  cubic  feet  of  gas  per  hour.  The  gas, 
taken  from  the  main,  is  passed  through  a  meter  to  two  storage 
vessels,  having  a  united  capacity  of  nearly  400  cubic  feet.  At  a 
pressure  of  8  atmospheres  they  will  supply  the  reservoirs  of  two  cars 
at  6  atmospheres.  The  gas  required  for  compressing  purposes  is 
about  8  per  cent  of  the  gas  to  be  compressed.  Two  types  of  cars 
for  gas-tramways  have  been  introduced  in  Germany.  Those  of 
Messrs.  GuiHi6ron  and  Amrein  are  used  on  the  line  between  Neu- 
chatel  and  St.  Blaize.  There  is  an  8-H.P.  ga<?-engine  on  the  outside 
platform  of  the  car.  The  gas  receivers  arc  sufhcient  for  the  double 
journey  of  over  j  miles  each  way,  the  consumption  being  estimated 
at  34  cubic  feet  per  car  per  mile.  Ao  empty  car  weighs  6  tons,  will 
cany  20  passengers,  and  costs  £-j^o. 

The  other  type  is  that  of  Liihrig  of  Dresden.  Each  car  b  driven 
by  two  7-H.P.  gas-engines,  fixed  under  the  seats,  with  the  fly-wheels 
behind  the  backs  of  the  seats.  The  engines  can  be  worked  together 
or  separately,  and  arrangements  are  made  for  three  rates  of  speed, 
1 50  revolutions  per  minute  when  engines  are  running  free,  200  revo- 
lutions for  low  and  240  for  high  speed.  If  the  car  remains  only  a 
short  time  at  the  stopping  or  end  stations,  the  engines  run  alone,  to 
avoid  re- starting.  Ignition  is  effected  by  means  of  a  small  electro- 
magnetic lighter.  The  condensing-tanks  are  on  the  roof  of  the  car, 
with  automatic  circulation.  There  are  three  shafts,  one  with  toothed 
wheels  worked  direct  from  the  engines  and  wheels  for  varying  the 
speed.  The  large  cars  weigh  when  empty  7}  tons,  and  with  29 

3  B  2 
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persons  9^  tons,  and  will  ascend  an  incline  of  i  in  33  at  a  modente 
speed.  A  smaller  car,  better  suited  to  steep  gradients,  lias  been 
constructed,  and  b  worked  with  a  lO-H.P.  engine.  This  car  weighs 

about  ^\  tons,  and  liolds  22  persons,  and  would  ascend  an  incline  oi 
I  in  15  at  a  spet  d  of  over  3^  miles  per  hour.  The  cost  of  a  large  car 
is  estimated  at  ^{,900,  and  of  the  smaller  one  at  /700.  The  gas- 
consumption,  with  10  Lu  12  passengers  wiih  the  iarge  car,  was  fuuoii 
to  be  347  to  37  cubic  fleet  per  car  per  mile. 

For  the  cost  of  construction  it  is  estimated  that,  for  a  line  alNMt 
five  miles  long,  with  cars  running  every  five  minutes,  which  would 
require  ao  cars,  and  with  an  avera>^c  working  day  of  14  hours,  the 
cost  of  a  gas-worked  tram-line,  including  rails,  cars,  buildings,  &c., 
would  be  ^^6,040  per  mile.  Under  similar  conditions  an  electric 
tram  is  estimated  to  cost  /7,64^  per  mile,  and  a  horse-tram  £a^'\^- 
The  work  in  p-  expenses  with  gas  at  3s.  5d.  per  i  ,oa»)  cubic  feel  are 
esumaLcd  at  about  3  pence  per  car  per  mile,  for  horse-trams,  with 
i*horae  cars  at  4*25  to  5  -4  pence  per  car  per  mile,  and  forelecbk 
trams  at  3-86  pence  per  car  per  mile;  and  it  is  shown  that»iritb 
similar  traffic  conditions,  a  gas-tram  might  be  expected  to  give  a 
return  of  6^  per  cent,  on  the  capital  invested,  while  an  dectric  tiaoi 
would  barely  cover  the  cost  of  working. 

C.  G. 
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ELECTRICAL  TRAMWAYS  IN  EUROPEAN  COUNTRIES. 

According  to  Mr.  Robert  Hammond,*  the  following  is  a  complete 
list  of  the  electric  tramways  or  railways  in  operation  (June  1894),  in 
Europe: — 


Country  and  Tows. 


Syttetn. 


f  . 


Method  of 


Portrusb— BuahaUb  \ 
(Ireland)        ...      .„  j 

I^lackpool..   

Ryde  Pier  (I.W.) 
Krighton  ...  ... 

fioHbrook— Nemy  (Ire) 

Southend  Pi<  r 

London   (Citv  and    S.  \ 

London  iUllmy)     .»  | 

Car^it.iirs  

Lei-ilh   

St.  IV  tcr  Port  (Gut-rnsev) 
WaliaJl,  Wcsdnesburv,) 

Darlaston  (S.  StaiT.)  j 

Liverpool  

DonflM-'GnMidle  Ukni ) 

(LofUaa)    ...  .»! 


UNITED  KINU 

Siemen*  ... 

Holrojrd*Sautli  ... 

Sicmeu   

Magnu*  Tolk  ... 

Crompton ... 

Hopkinson 

An  dcrson  -  M  un  r  o 
Thom^^<>n-  Houston 
Siemens  Bros.  ... 
j  lilfcuic  Construe-  i 
(    tion  Corporation  j 
Hopkioaon 

Hopkimon 


iOM. 

6 

100 

Third  rail 

2 

140 

Conduit 

1 

la 

Third  raU 

X 

ao 

Third  rail 

1885 

9l 

6a 

Third  raU 

stgo 

3 

to 

fAccumu- 
(  Litors 

1890 

J 

50 

Third  rail 

i8go 

I300 

Third  rail 

1891 

SO 

Overhead 

il 

200 

Ovcrln:ad 

1892 

200 

Overhead 

189a 

7i 

Overhead 

i8m 

x6oo 

Tkifdxul 

1893 

4 

100 

Overhead 

•  In  a  paper  on  "Electric  Street  Tmmwnys."  read  .it  the  Annual  ^fectinjj 
of  the  lQcorporatc<1  Association  of  Municipal  and  County  Engineers  held  in 
London  2lst  to  23rd  June,  1894. 
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Coiwtfj  mnd  Tows* 


Lichterfeld  (near  Berlin) 
Frankfort—Ofieobach  ». 

Halls 

G^f A  ■■• 

Biciitra   ...      '  -  •      ■  ■  - 

Il.inover  ...  ... 

Hreslau   

Die^Oi-n  ... 
Kri;iv<  l.ied 
li.crnii  ti  ... 

£&i>en  ...  


li!odlin^-\  icnon 
Buda  Pcsth 
HiuKi  Pesth 
LcmberiF  ... 
Baden*  Vo»lav 


i    Liege- Hcfstal 


C  lormont-Ferraiid  ... 

MarsfilU'S  

l'.ir:s— 
M  adclcioc-Satnt  •  Denis 
Opera -Saint-Dcais  ... 

S.xl^rii'      ...       ...  ... 

Hordcaux — Houscat 

Florcnce^Fiesole 

Genoa      i«.  ... 
Koioc  ... 
Milan 

Kiew 

\  tvf\ -Montr<'ii«c' 
."^irr«.  h-Gcltorkindcn  .. 
GfUtsth-MurroD 

Orlje-Cl'.avornay  ■. 

^taussUd-6taus...  .. 


GKKM.VNV 
Siemens  &  HaUke 
Sieawna  Ik  Haiskc 

Spragoie 

Sprague   

'ITiomson- Houston 
.Siemens  flilialiltie 

Sprai^iic!   

ri)om&on-Houst<)n 

Si<  tnrii-;  &  H.iUkc 


So. 


1S92 
1892 
I«93 

1893 
1893 
1893 
1893 


bt-s 


A  USTRl  A  -  H  UN  GARY 


Siomrns  8c  Halske  j 
Siemens  &  Halske 
bil'meo*  &  Halskc 
Siemens  ft  Uaiske 
Schuckert... 

BFXGIU.M. 
kCompapiie  Inters 
nauonale  d'Elec^ 


\  tricit£ 


.SPAIN'. 
Thomson  -  H  oust  on 


'Ihurv 
Ocrlikon 


FK^VNCE. 


'■  i  Compagnie  de  ) 
I  }   rindustrie  Elec-  [ 

(    triquc.dcGenive ' 
i  bom&on  -  H  ouston 

ITALY. 
I  C     SpragHc  and  ^ 
ITliomson-Houston  J 
.''^ienicns  &  Halske 

Cattori   

TfaonisoD*Uottston 


SprajT' 


RUSSIA. 


SWIXZE&L 


Ocrlikon  

Ocrlikon  

J    I'lniiusitio  KIcc-  f 
C  triqur,  dc  Genive/ 
Do. 

Totals  ... 


1893 
189J 


1893 


1891 

1890 
1892 

tug* 
1893 

1892 
1893 


1890 

1893 
igQl 

1892 

.\N'D. 

1887 
1891 
1801 

1893 
1893 


5M 

\i 

II 

il 

I 

7i 


8i 

i 

3l 
3 

ik 

1 


2 

2h 


•-9  * 


60 
160 


5»5 
450 
400 
boo 
270 
330 
400 
400 


195 

000 

400 
60 


xao 

280 

5«» 
750 

375 

500 
300 

250 

300 
130 
300 

lao 

6eo 

40 
150 

IJO 

«4579 


Method  «tf 


Overhead 

Overhead 
Overbcaxi 
Owrbea4i 
Overhead 
Overhead 


OverV.eaJ 

t Conduit 
Overhead 
Overhead 


Ovcshoad 


0\-frljcad 


Ov»*rliead 
Overhead 


Oretbead 


Overhead 


OvR^Bsd 

Overhead 
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ABERDEEN  District  tramways  : 
capital,  receipts,  and  working 
expenditure,  22  J  Livesey's  system 
of  way,  226 
Accumulators  for  electric  tramwavs, 

Acts  of  Parliament,  table  of,  author- 
ising construction  of  tramways,  2j  ; 
Liverpool,  ;  Tramways  Act  of 
1870,  665 ;  Acts  relating  to  Scot- 
land ana  Ireland,  708 

Air,  compressed,  locomotives  ;  Beau- 
mont's, ;  Hughes  and  Lancas- 
ter's, 1^24;  M^karski's,  ;  Scott- 
Moncrien,  522 

Aldred-Spielmann  rail,  i.^o-i  ^2  ;  cost 
of,  1^1  ;  system  of  way;,  342  ; 
use  and  cost  of,  per  mile,  London 
tramways,  130,  131 ;  merits  of, 
M2 

AJiford  and  Sutton,  steam  tramways 
at,  278 

America,  tramways  in,  32^;  their 
mileage  length,  7^ ;  electric  trac- 
tion on,  565 ;  ineir  introduction 
into  Europe,  732 

Ammoniacal-gas  car,  413 

Antwerp,  tramways  at,  305 

«\shes,  their  use  for  pavement,  1 16 

Afphalte,  (idlure  of  as  a  pavement  for 
tramways,  li^;  use  of,  on  Vale  of 
Clyde  tramway,  2QQ 

Afpinall.  A.  F.,  design  of  tramways 
at  Horwith,  232  ;  cost  of,  232  ; 
shunting  engines  by,  476 

Axlc-boxe?s.  355,  36J,  374 


BAH  I A    tramways,  Cockbura- 
Muir's  iron  way  at,  ;^20 
Baldwin  locomotive  works,  steam-car 
constructed  at,  432  ;  cost  of  nm- 
ning  it.  lii ;  locomotive  by,  4^3 
Barcelona  tramway,  Merryweatner's 

locomotive  on,  440,  442 
Barker's  system  of  iron  way,  340 ; 
where  applied,  246,  251  ;  at  Leeds, 
251  ;  at  Manchester,  2^  ;  cost  of» 
250  ;  merits  of,  ^  343 
Barker's  system  on  South  LondoD 

tramways,  139 
Barker's  rail,  24J. 
Battersea,  Meatans'  way  at,  13;; 
Baxter's  steam-car,  42I 
Bearings,  comparison  of  systems  o(, 

Beanng-springs  for  cars,  365,  374, 

Beaumont's  compressed-air  car,  523 
Btdc  and  Co.'s  hot-water  steam-car^ 
430 

Belfast  Harbour  tramway:  Lizar** 
way,  282 ;  Salmond's  way,  2fi& ; 
cost,  290 

Belfast  tramways,  construction  of, 
L2Q;  rails  and  fastenings,  I2i, 
162 

Beloe,  C.  IL^  line  of  Barker's  way  at 
Wallasey,  251  ;  cost  of,  251  ; 
Southport  tramways  designed  by, 
2Q1 ;  Wirral  tramway  by,  204 

Beresford  Hope,  Mr.,  evidence  on 
New  York  and  London  tramway 
s)'stems,  6,  14 
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Berlin,  electric  traction  on  railways 
at,  566 

Bessbrook   and    Xe>»-r)'    tramway  :  ' 
wheels  used  on,  3^  ;  cars  on,  568,  ' 
S69;  section  of  cars,  563;  brake  used 
on,  t;70  ;  generating  machincrv  of, 
570  ;  dynamos  for,  571  ;  methods 
of  connecting  cars  and  transmission 
of  currents,  574  ;  construction  of,  1 
j;68  ;   Edi  son  -  H opkinson  djTiamo 
for  locomotive   car,  S73 :  motor 
power  of  and  position  on  cars,  573  ; 
cost  and  working  expenses,  574. 
575;  traffic,  578 

Birkenhead,  George  F.  Train's  tram- 
way at,      ;  W'irral  tramway,  204 

Birmmgham,  Edge's  system  at,  294  ; 
steam  traction  on,  cost  of,  2^  '- 
Ritson's  engines  at,  cost  of,  471 

Birmingham  cable  tramways.  S43 

Birmingham  Central  tramways,  capi- 
tal, receipts,  and  working  expendi- 
ture, "8  ;  comparison  of  expense  of 
four  systems  of  haulage,  84 ;  mile- 
age and  passengers,  ^8 ;  cars  used 
on,  37» 

l^inningHam  electric  tramways,  578 

lUvickj>ool  electric  tramway,  traffic 
on,  ^80;  property,  receipts  and 
workmg  expenditure  of,  IDQ;  con- 
struction ol,  ';78.  S79 

Board  of  Trade  rules  as  to  pro\-isional 
orders,  673  ;  forms  of  byelaws  and  I 
regulations,  6<j4  | 

Bogies  on  steam-cars,  :  Fairlie's  j 
double  bogie  steam-carriage  by  1 
BroMTi,  482  ;  by  Rowan,  488  I 

Boston  (U.S.),  cast-iron  tram-rails  at,  | 

L_8  j 
Brakes  of  tram-cars,  356,  357,  3';8,  ' 
36b,  370,  374  ;   steam   on  Ran- 
some's  steam-car,  43'> ;  on  Merry- 
weather's  engine,  4^8  ;  for  electric 
tram-cars,  Bc>>broolv  and  Kewrj- 
line,  tj'O;  City  and  South  London 
electric  railway,   5<)2  ;  Liverpool 
Overhead  railway,  607 
Brevoort,  IL  L.,  test  of  Tireless  loco- 
motives by,  416 
Bristol   tramways,  construction    of,  ' 
23OJ    2^1  ;     cost    of,   23^   240 ; 
Hughes's  engines,  462  ;  Kincaid's 
system  of  way,  230.  231,  341  ;  re- 
construction of,  78  I 


Brixton  (London)  cable  tramwav,  ^>4 
Brompton,  West,  trial  of  Grani)iam's 

steam-car  at,  419 
Broomielaw  Quay.    Glasgow,  Ron- 
some.  Deas,  and  Rapier's  way,  380 
Brown,  A.,  steam-car  by.  482 
Bruce,  Sir  George  B.,  Buenos  Ajtcs 

Grand  National  tramways  by,  328 
Brunswick,  Edge's  system  at,  295 
Brunton's  system  of  way,  Oxford,  2(26 
Brussels,  tramways  in,  305  ;  sections 
of  rails,  306 ;  cost,  308  ;  working 
expenditure.  308  ;  Loft  us  Perkins's 
condensing  locomotive,  423 
Bucharest  tramways,  Kerr's  system 
of  wav,  278 

V  '  — 1  

Buel,  R.  H.,  test  of  locomotives  by, 
416 

Buenos  Ayres  tramwaj-s,  system  of, 
1 1  ;  a  ci  ty  of  tramways.  318  ;  Cock- 
bum-Muir's  system,  318  ;  merits  of. 
32 1  ;  LiNesey's  system,  315. 
quantities  and  costs  of,  317  ;  tram- 
wax's  by  Wood.  326  ;  sections  of 
rails  and  fastening,  326  ;  quantities 
and  cost  of,  327  ;  tramwa)"s  by  Sir 
G.  Bruce,  320 

Burn,  Charles,  inventor  of  the  girder 
rail,  330  ;  on  the  introduction  of 
American  street  tramways  into 
Europe,  7^ 

Bury-  tramways,  length  of,  ^ 

Byeiaws,  power  to  make,  62_i  ;  forms 
of,  issued  by  Board  of  Trade  :  for 
local  authority,  6<)4  ;  for  a  conjp.iny, 
696  ;  with  respect  to  steanj-power, 
699 ;  with  respect  to  electric  trac- 
tion, 702 


CABLE  traction,  525  :  life  of  cable>, 
S29  ;  methods  of  construction, 
Sli  5^2.  562  ;   cost,  541  ; 

development  sin  contemplation,  542, 
556 ;  machinerj-  and  engines,  ^i', 

SU'  S4Si  54^  iSi  Si5 :  sections  of 
pulTeys,  544,  545  :  speed.  5^2 

Cable  tramways,  Birmingham,  >43  ; 
Brixton,  :  Edinburgh,  ; 
Highgatc  Hill,  £J2 ;  Matlock, 
552  ;  San  Francisco,  s^S,  527 

Cameron,  A.  ].  D.,  Meakms  way 
bv,  for  South  London  tramwa)^ 

li5 


j  by  VjOO^I 
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Canada,  system  of  way  in,  146 

Canartio  and  East  New  YorK7  fireless 
locomotive  used  at,  4i  '> 

Capital  invested  in  tramways.  See 
Cost,  Rkckipis,  ktc. 

Carl,  M.,  modification  of  Francq's 
firclos-s  locomotive, 

Capital,  receipts,  and  exi)cnditurc  of 
tramways:    Aberdeen,    0^  —  gt) ; 
Bessbrook  &  Xewry  (electric),  574. 
.S7j) ;  Birminfjham  Central,  78— 85  ; 
(for  cable  jxjwer),  &2  ;  Blackpool, 
100.  mi  :  City  and  Suburban  Klcc- 
iric  Railway,  594 — 597;  Edinburgh, 
91— 'K*;  Florence      Fiesole  Elec- 
tric Railway,  60^  ;  Glasgow  Tram- 
ways (electric),  8<»— 90;  (luernsey 
Tramway,  t;83 ;    Liverpool  Over- 
head Railway,  614  ;  London  Street 
Tramways,  67 — 72  ;  London  Tram- 
ways, 60  —  66 ;  North  Metropolitan, 
52—59  ;  South  London,  73 — 77 
Cars  :  numlwr  employed,  25.  50,  5J  ; 
cost,  5^  357,  367  ;  construction 
of,  355  \  advantages  of  smcill  and 
large,    discussed,    3^8 ;  bearing 
springs,  365,  32I1  Sii  ;  car  wheels, 
iiii         i2i  I  bogies,  37^  ;  l)ogic- 
clouble  car,  482,  4?^8,  4"*) ;  dummy 
cars  for  cable  traction,  528,  530^ 
i5i  ;  section  of.  -^xo;  original, 
354  ;  Martineau's,  dead  weight  of, 
357 ;  French  tram-cars,  378;  Fade's 
reversible  car,  381  ;   Falcon  Com- 
pany's,   for  Birmingham  Central 
tramways,  ^71^ ;  inside  and  outside, 
by  Metropolitan  Railway  Ciuriage 
and  Wagon  Company,  366 
Cars   for  electric   tramways  :  con- 
nection of  currents  with  wheels  of, 

55*^  iXi 

nection  of,  with  switches  and 
motor,  ^6^,  ^79,  581  ;  section  of, 
on  Bcssbrook  and  Ncwn,'  tram- 
ways, 568,  i;6<),  570 ;  Liverj>ool 
Overhead  railway,  606 
Cars,  Lond<m  tramways,  mainte- 
nance and  work  of,  f>o-f  )6  ;  London 
Street  tramways,  6S-72  ;  numlK-r 
of,  22 

Cars.  North  Metro|X)litan,  mainte- 
nance of,  56  ;  number  of,  and  miles 
run  by,  5^  58 

Cars,  North  Metropolitan  Tramway, 


5^  ;  inside  car  by  the  Starbuck  Cjit 
and  Wagon  Company,  369  ;  radial 
axle  by  James  Cleminson.  376 

Cars,  life  of,  in  America,  357 

Cars,  miles  run  by,  25 ;  London 
Tramways,  58  ;  Nortn  Metropoli- 
tan, 55  ;  London  Street  tramways, 
hSi ;  South  Londcm  tramwavs,  ^ 
22  ;  Birmingham,  78^  84  ;  Ofasgow 
Cor)K)ration  tr.miways,  82  ;  Edin- 
l^urgh,  21;  Blackpool,  too,  52^ 

C  ars,  starting-gear  for,  ;J02  ;  bv  Mr. 
P.  Holt,  40^ 

C;isscl  tramway,  312 ;  Afcrrj'wea- 
ther's  locomotives,  443 

Chicago,  cable  tramway  at,  522 

t  hurch.  A.  G.,  on  omnibus  and  tram- 
way  horses,  105 

Cincinnati  tramway,  steam-car  on, 
409 

City  and  South  London  electric 
railway  :  construction,  585  ;  posi- 
tion of  sleepers  and  method,  585  ; 
gradients,  585 ;  section  of,  586, 
S87 ;  engines  for  generating  cur- 
rents, 586,  582  ;  switches,  system 
of,  588  ;  feeders  for.  588  ;  cables, 
588 ;  motors  and  locomotives  in 
use,  522,^  59L,  592,  ;  Mr. 
(rreathcad's  modihcation  of  West- 
inghousc  brake,  ^^^2  ;  efficiency 
of  system,  593  ;  consumption  of 
electricity,  ^93 ;  cost  and  work- 
ing expenses,  392,  5<2i 

Cleminson,  lames,  radial-axle  p.is- 
senger  car  by,  376 

Cockburn-Muir's  iron  w-ay,  318,  344  ; 
at  Bahia,  320 ;  at  Buenos  A^tcs, 
^20;  at  Lima,  32 1 ;  at  Monte  Video, 
320,  32 1  ;  at  Vienna  and  Palermo, 
320  ;  merits  of  rails,  321  ;  span  of 
bearings,  ^  ;  steel  rail,  321,  322 ; 
test  of  steel  and  iron  rail,  344  ;  tests 
of  rails  for  transverse  strength  by 
•Mr.  Kirkaldy,  321 

Cockerell's  hot-water  locomotive,  504 

Colam,  W.  N.,  cable  tramway  oy, 
at  Buxton,  5^  ;  Edinbur^^h,  533  ; 
^Lltlock, 

Colebrookedale  Iron  Company,  cast- 
iron  tram-rails  laid  by.  3 

('onjp.agnie  Generale  des  Omnibus, 
tram-omnibus  by,  379 

Compressed-air  cars  and  locomotives, 
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S14  ;  data,  ^i^  ;  Beaumont,  t;^.^  ; 
Hujjhes  Jind  I^ancaster,  ^24;  M6- 
karski,  > » 9  ;  Scott- Moncnef,  £22 

Compressed-gas  motor,  6^ 5 

Comrie,  J.  S.,  on  Connelly*  oil  motor, 

Coney  Island  railroad,  trial  of  Ran- 
som car  on,  4:^6 

Connelly  oil  motor  at  Greem^ich  and 
Croydon,  65_i 

Conradi,  H.,  on  tractional  resistance, 
406,  407  ;  desi^  of  rail-cleaner  by, 
406  ;  test  of  Hughes's  locomotive 
at  Lille,  ^465 

Constantinople  tramways  in  con- 
struction, .^09 ;  cost,  Vio 

Construction  of  tramways,  general 
conclusions  on,  iJO;  regulations 
for,  under  Tramways  Act,  669,  d'T^ 

Continental  electric  railways,  51)8 ; 
working  cost  and  performance,  ^99 

Cojwnhagen  :  A.  Kohl's  hKomotive, 
440 ;  Smith  and  Myjind's  locomo- 
tive, ijo 

Cost,  construction  : — Aberdeen  (Livc- 
sey),  22ii\  Belfast  Harbour  (Sal- 
mond),  290;  Bristol  (Kincaid), 
2;^.^,  240  ;  Brussels,  ^o8  ;  Constan- 
tinople, 310 ;  Dcwsbur)',  Batley, 
and  Birstal  (Kincaid),  2.^0  ;  (Trus- 
wcll),  274 ;  Dublin,  164,  i6i; ; 
Duntlec,  212 — 214  ;  Edinburgh 
(Macrae),  220 — 224  ;  Glasgow  Har- 
bour (Ransome,  Deas,  and  Rapier), 
281.  284.  286 ;  Glasgow  Corpora- 
lion,  86,  181— 183,  190 — 194; 
Leicester  (Kincaid),  234 ;  Liver- 
pool (Deacon),  158— 1<)0;  Ix)ndon 
Tramways,  60,  11^;  Manchester 
(Barker).  251  ;  Pans.  299 ;  Salford 
(Kincaid),  238,  24^ ;  Southport 
(Beloe).  202.  20^ :  ^\'i^■al  (Beloe), 
20s  :  Livescy's  grooved  rail,  317; 
Cockbum-Muir's  iron  way.  320 

Cost,  receipts,  and  expenditure  of 
tramways  :  capital,  cost,  receipts, 
and  expenses  of  tramways  in  I'niteil 
Kingdom  (1878 — 1890),  22_;  sup- 
plementar}'  for  1891  — 1893,  728; 
capital  expenditure  of  all  tramways 
in  United  Kingdom  ( 1 890),  28—37  ; 
receipts,  working  expenses,  and 
st«>ck  of  all  tramways  in  United 
Kingdom  (1890),  38 — 47  ;  working 


expenditure  on  tramways  of  Uniievi 
Kingdom  (1880  and  1890),  4^  ; 
supplementar)*  for  1893,  729 

Cost,  steam  versus  horse-power,  com- 
parison of,  490.  491  : 
electric  versus  steam-power,  com- 
parison of,  604 

Crest^nt-rail  on  Brussels  tram'»a\>. 

Crossings,  663 ;  Bristol,  231  ;  Dun- 
dee, 209  ;  Edinburgh,  219  :  Glas- 
gow, 170, 180  ;  Guinncss's  Brcweri  , 
291  ;    Liverpool,  1^5,  147; 

Salford.  2^  ;  Vale  of  Clyde, 

Crojdon,  Connelly  oil  motor  at,  65J 
I  Curry,  Matthew,  on  the  Lislwn  steam 
I       tramway,  314 

Curves,  construction  of,  Belfast  Har- 
bour tramways,  2>'9 

DE  FERAL,  system  of  way,  Mann- 
heim and  Ludwigshafcn,  324 
Deacon,  George  F.,  Liverpool  train- 
ways  by,  143,  144  ;  merits  of  the 
system,  147,  340 ;    cost  of,  147. 

•is 

Deas,  James,  his  report  on  the  cast- 
iron  tramway  at  Glasgow  Harboxu", 
282  ;  design  of  steel  rail  tramwav, 
284 

Dewsbury,  Birstal,  and  Bailey  tram- 
ways, construction,  229 ;  cost  of. 
230 ;  Gomersal  exten>ion,  Tni>- 
I  well's  way  for,  272  ;  co>i  of,  274  : 
^^crryweather's  engine  on.  446 ; 
cost  and  working  expenses  of,  .i:,2  ; 
cost  of  steam  and  horse-power  on, 
compared,  453,  ^ 

Dick,  Kerr,  and  Co.,  lessees  of  Edin- 
burgh tramways  for  cable  traction, 
32  ;  girder  rails  by.  iJ2.  336 

Dickinson,  Mr.,  system  of  tlangeless 
wheels,  3<^;  system  of  electric  trac- 
tion, LiH 

Disc-wheel,  construction  of,  for  cars 

Discontinuance  of  tramways,  670 
Dixon,  J.,  Meakins'  way  by,  ijj 
Dock    tramways,    system   for  con- 
struction of,  ihL.    S<f  Glasgow 
Harbour  Tramways,  Bujast 
Harbour  Tramway.s. 
Dowson's  iron  way,  2^4 
Dublin  tramways,  construction,  ihi; 
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cost,  164,  165  ;  length  of,  52J  cars 
used  on,  363 

Dublin  and  Lucan  tramways,  Pcrrett's 
steam-car  used  on,  480,  482 

Dudley  and  Stourbridge  steam  tram- 
ways, ruling  gradients  of,  471  ; 
Kitson  and  Co.'s  locomotives  on, 
471  ;  cost  of  engines  on,  471 

Dugdale's  system  of  way,  2Gt,  340 ; 
HudUcrslield,  261.  264 

Dundee  street  tramways,  system  of, 
207  ;  construction  of,  207.  21£i. : 
gradients,  208 ;  cost,  210,  212. 
214  ;  test  of  Gowan's  rail  fur,  _^^o 

Dunscombe,  Mr.  Deacon's  system  as 
laid  at  Liverpool  by,  ;  report  of, 
on  Liverpool  tramways,  Id8,  150 ; 
system  of,  for  suburban  lines  of 
Liver}>ool,  likl 

Dynamos  for  electric  traction,  ; 
Bessbrook  and  Xewry  line,  571  ; 
Siemens's,  for  Guernsey  line,  s8i  ; 
Elwell-Parker,  on  Liverpool  Over- 
head railway,  6QJi  ;  Edison's,  on 
Neversink  ^fountain  railroad,  646 

EADE'S  reversible  car,  381 
Edge,  C.  A.,  his  system  of  way, 
2Q3  ;  at  Brunsw  ick,  293 
Edinburgh  Street  tramways :  con- 
struction of,  2  f  3  ;  construction  of 
PortobcUo  branch,  216 ;  cost  of, 
217,  219 ;  cost  and  working  ex- 
penses, 2^  ;  gradients  and  curx'cs, 
216  :  Gowan's  rail,  330 ;  purchase 
of,  by  Corporation  of,  5^  ;  renewal 
of,  22i 

Edinburgh  (Xorlhem)  cable  tram- 
ways, construction  of,  e^\2 

Edison's  compound  dynamo  for 
Neversink  Mountain  railroad,  646 

Electric  railways :  Berlin  and  Paris, 
S66  ;  City  and  South  London,  585  ; 
Continental,  598  ;  Florence  and 
Fiesole,  600 ;  Liveq^ool  Overhead, 
605  ;  Lichterfelde,  .S9^.  S'>9 ;  Mod- 
ling,  598;  Montrcux,  5<}8  ;  Pesth, 
';98.  And  see  Electric  Tram- 
ways 

Electric  traction :   historical  notice, 
558,  566;   galvanic   power,  558; 
djTiamos  used  for,  558;  connexion 
of  motor  with  wheels  of  car,  i;t;8, 
;  methods  of  transmission  of 


currents,  559,  :;6o ;  feed  wire,  its 
\      uses,  561 ;  trolly  stands  for,  ^di, 
I      562  ;  overhead  connexion  for  trans- 
mission of  current,  section  of,  ; 
switches  for,  connexion   of  cars 
with,  565;  storage  batteries,  563; 
J      accumulation  of  power,  metnoos 
of.  563  ;  electrical  terms  and  units, 
563  ;  development  of,  in  America 
and  on  the  Continent,  ^63  ;  Dr. 
Werner  Siemens's  application  of 
to  railways,  566  ;  at  Berlin,  566  ; 
at  Paris,  j;6oT~  gauge   and  con- 
struction of,  :;66,  562 ;  Portnish 
and  Giants'  Causeway,  tramway  at, 
567  ;  rails  on,  562 ;   Ryde  Pier, 
5^2  ;  distribution  of  electric  power 
1      on  Bessbrook  and  Xewry  line,  52^ 
I      — 578  ;  generating  engines  for  City 
and  South  London  Railway,  586, 
'      582;  absorption  of  electrical  force 
j      for  efficiency  on  Liverpool  Overhead 
I      railway,  611.  and  on  City  and  South 
I      London,  533 ;  distribution  of  elec- 
trical power  on  Neversink  Mountain 
railroad,  643,  C44  ;  form  of  byelaws 
Issued  by  Board  of  Trade,  6^ 
Electric  traction,  cost  of:  at  Bess- 
'      brook  and  Newry,  574—577  ;  Bir- 
I      mingham,   83 ;    Blackpool,    580 ; 

Continental  lines,  603  ;  Guernsey, 
I      583;  Liverpool  Overhead  railway, 

614  ;  City  and  South  London  rail- 
way, 596,  597 ;  electric  power  versur 
steam  power,  cost  of,  compared, 
604  ;   electric  traction  and  horse 

I  traction,  cost  of,  in  Germany  com- 
pared, 235 
Electric  tramways  at  Berlin,  2M1  ; 
Barking,  ^  Bessbrook  and  Newi%', 
567  ;  Binningham,  78^  ^2^ ;  Black- 
pool, 100.  578  ;  Bristol,  78  ; 
Guernsey,  ^81  ;  Leeds  (Roundhay) 

615  ;  Pans,  266  ;  Portrush  and 
Giants'  Causeway,  562  >  Ry^le  Pier, 
567  ;  South  Staffordshire,  623,  634  ; 
list  of,  in  United  Kingdom,  565  ; 

]      list  of,  in  European  countries,  641. 
Ami  Star  Elkctric  Railways 
Elwell-Parker  djuamos,  toS 

FAIRLIE,  R.  F.,  his  double  bogie 
steam-carriage,  482,  488,  489 
Falcon  Engine  and  Car  Comj)any, 
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manufacture  of  tramway  locomo- 
tives by,  407  ;  wheels  of  steam  cars 
by.  ill,  225 
Fastcnin^is  lor  rails  and  sleepers.  Lar- 
sen's,  1 18,  ihz  ;  Liveqx)ol,  1 56,  i  t;;; 
Hopkins's  improvements  in  methods 
of,  ih2 

Feed-wire,   its  methods  of  use  in 

electric  traction,  i;6i,  588 
Firelcss  locomotives,  502.    See  also 

HoT-\VATKR  Lc>COMOTI\"ES 

Flangcless  wheel  cars,  303 

Florence  and  Fiesolc  electrical  rail- 
way, t^ioo ;  cost  of  construction,  603  ; 
working,'  exix-nses,  (03 

Floyd,  T.,  Kerr's  way  by,  for  Wool- 
wich and  Plumslead  tramways, 
277  ;  cost  of,  2-~ 

Fortl,  IL  W.,  report  on  Cockbum- 
Muir's  way  at  Buenos  Ayres,  321 

Fowler,  A.  M.,  desijjn  of  Sallord 
Coriwralion  tmmways,  23^  ;  New- 
castle-upon-Tyne, 240 

Fox,  Sir  Do«;^las,  La  Plata  tram- 
ways by,  329 

Francq,  M.  Leon,  Versailles  tramway 
by,  302  ;  tram-cars  by,  378  ;  hot- 
wattT  locomotives  by,  50)  ;  cost  of 
working,  5^11 

Franccj  and  Mesnanl's  Tireless  loco- 
motive, 512 

French  tram-cirs,  378 

GALVANIC  power,  its  apphcation 
to  tramways,  558 
Gas  motor,  655 

Cias-niotors  for  tramways.  A.  Kemper 
on,  ^H 

Gauge:  Alford and  Sutton  steam  Iram- 
w.ny,  27iS  ;  maintenance,  methods, 
.ind  iinport.mce  of,  348 ;  Kincaid's 
system  of  keeping  to,  348 ;  Bahia, 
320  ;  Belfast,  120  ;  Berlm  (electric) 
566:  Birkenhead,  13;  Birmingham 
(cable),  550 ;  Bristol,  2jj  ;  Brixton 
(cable),  SS.^  ;  Brussels,  305  ;  Buenos 
Ayies.  315, 32*) :  Dublin  (Guinness's 
Brewer)  ),  291  ;  Dundee,  202  ;  Edin- 
burgh, 215,  and  (cable),  533  ;  early 
timber  tramways,  2  :  Highgate 
(cable),  ;  Hor\vich  (locomotive 
works),  202  ;  Huddersticld,  2iil  ; 
Hull,  230  :  Ireland,  stand.ird  gauge 
in,  2f}\  ;  Glasgow,  167,  175,  188  ; 


Leeds,  1 16.  2^1  ;  Leipzig,  ^12 ; 
Liege,  305 ;  EiTbon,  313  :  Liver- 
pool, 18^  20j  London,  in,  1 14, 
13-;  ;  Madras,  254 ;  Manchester, 
249;  Matlock  (cable),  5fj  ;  Monte 
Video,  320 ;  Moscow.  31 1  ;  Ncw- 
caslle-upon-Tyne,  2i;7  ;  Notting- 
ham, 2;;6;  Paris,  296,  299  ;  Phila- 
delphia,  2. 1  I'ortrush  and  Giant's 
Causeway  (electric),  ^07 ;  railway 
gauge  required  by  Act  of  ParUa- 
ment,  i8j  Salford,  234 :  Sheffield, 
230,  231  ;  Southampton,  2^8 ; 
Southport.  2Q1 ;  StalTordshirc, 
North,  26' >:  Stockton-on-Tees.  244: 
Tottenham  (Vignoles),  2(k)  :  United 
States,  iij  Vale  of  Clyde,  iM ; 
Wellington,  314 :  Woolwich  and 
Plumstead,  2^7  ;  Wirral,  204 
Gaune,  M,,  performance  and  cost  of 
Francq's  engine  on  the  Rucil- 
Marly  tramway,  510,  5 1 1 
Geneva,  tramways  at,  304 
Geogheg.m,  locomotive  by,  473 
(lermany,  cost  of  horse  traction  and 

electric  traction  in,  compared,  735 
Ghent,  tramways  in,  305,  306 
Girder  rails :  Invented  by  C.  Bum, 
330  :  patents  of  A.  Lcgrand  and  J. 
Gowans,  330 ;  weights  and  dimen- 
sions in  use,  3^2  ;  tests  of,  3^^  ; 
sections  of,  33b,  337  :  Kincairu's 
t}-])c  of,  338  ;  and  see  Kails 
Glasgow  Coq>oration  tramways  :  Act 
for,  166;  first  system  of  construc- 
tion, 1 66;  g.iuge  of  way,  1 67  :  length 
of,  52,  86j  1 93  ;  cost  of  construe- 
lion  of  first  contract,  i^J ;  second 
S)-stem  of  construction,  175,  3^1  ; 
Johnstone  .mil  Kankines'  way,  17;, 
184  ;  merits  of  the  way,  346.  3^1  ; 
cost  of,  1<)0,  192.  194  ;  economy  of 
second  s)-stem,  lSj  ;  cost  and  woric- 
ing  expenditure,  86^  ()0 ;  compara- 
tive wear  of  iron  rails  and  steel  rails 

Glasgow  Coq>oration  gas  works,  tram- 
way at,  283 

Glasgow  harbour,  tramway  at,  2S0; 
construction,  2&I  ;  cost,  2&I 

Gl.asgow  Tramway  and  Omnibus  Com- 
pany, 86^  iM 

G1.1SS  sleepers,  tri.-d  of,  on  North 
Metro|K)litan  Tramways,  12^ 
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Gomersal  extension  tramway,  274 

Goschler,  Mr.,  cost  of  his  tramway  at 
Paris,  299 ;  Constantinople,  31Q 

Gowans'  sj-stem  of  way,  ;  girder 
rail,  1^2^  1.V3 ;  tests  of,  i.y^  ;  at 
Dundee,  1 33.  gi?  ;  London,  ^13  5 
Manc  hester,  ;  cost  of,  in  Lon- 
don, IJ2  ;  merits  of,  342 

Gradients :  Bristol,  231  ;  Edinlnirch 
Cable  Tramway,  >33 ;  Ldiuljur^h 
Street  Tramway,  eff  ect  of,  on  horses, 
<ii  ;  City  and  Suimrban  (London) 
Electric  Railway,  585 ;  Dundee, 
208 ;  Edinburgh,  2i6 :  Highgate 
Hill  Cable  Tramway,  532  ;  Lisbon, 
313  ;  London,  117;  Maubck  Cable, 
Ji  vj  ;  Rouen,  444  ;  San  Francisco, 
528  ;  Stoke-on-Trent,  454  ;  Wan- 
tage, 419  ;  influence  of,  on  mecha- 
nical propulsion,  494 

Grantham,  John,  steam  cars  by, 
418,  421  ;  cost  of  working,  420 — 
423 ;  "wantage  Tramways,  419 

Great  Eastern  Railway  tramway  in 
London  goods  yarti,  2  So 

Greathead,  Mr,,  his  modified  West- 
inghouse  brake,  592 

Greenwich,  Connelly  oil  motor  at, 
651 

Greenwood,  Mr.,  on  compressed  air 

locomotives,  524 
Grice  and  Long,  steam  car  by,  409 
Gripper,  description  of,  as  applied  to 

cable  traction,  526,  528,  537,  552, 

552  ;  sections  oCsTi.       ii^.  iSi. 

555 

Grover  and  Newton,  Kincaid's  way 
by,  at  Stockton-on-Tees,  244 

Gruemsey  tramway,  Merrj-weather's 
engines  on,  443 ;  clectnc  traction 
used  on,  580,  581  ;  dynamos  and 
cars  in  use,  581  ;  rails  by  Vignoles, 
^82 ;  traffic  on,  583  ;  cost  and  M  ork- 
ing  expcases,  583 

Guinness's  Brewery  tramway  (Dublin), 
construction  and  section  of,  290 ; 
narrow  gatij^'c,  cost  of,  292;  Geo- 
ghtgaa's  locomotive,  473 

HALL,  Sir  Benjamin,  his  opposi- 
tion to  tramway  legislation,  12 
Hamburg  tramways.  Brown's  steam 
car  at,  ^^87 


I  Hammond,  R.,  list  of  electrical  tram- 
ways in  Europe,  24J 

,  Handyside,  289  ;  car-wheel,  }Q\ 
Harbour  tramways :  Ransome,  Deas, 
and  Rapier's  cai>t-iron  way,  280; 
Glasgow  Harbour,  cost  of,  281.  282  ; 
system  for  lighter  traffic,  2ii2  ;  Bel- 
fast Harbour  tramway,  287 ;  Ligne's 
way,  282  :  Salmon's  way,  288 

I  Haworth's  tramway  system  at  Salford, 

I  .14 

I  Highgate-hill  cable  tramway,  532 
Holt,  Alfred,   flangeless  wheels  for 
wagons,  invented  by,  ^9^ 
I   Holt,  Henry  P.,  on  functional  resis- 
I      tance  of  tram-cars,  398,  399  ;  design 
of  starting  gear  for  cars,  402  ;  on 
electrical  railways,  585 
I  Hopkins,  George,  engineer  for  tram- 
I      way  in  Dublin,  iii2 ;  Liverpool,  17  ; 
London,  1 10,  123  ;  Vale  of  Clytle, 
169,  i9t; ;  pavement,  on  margin  of, 
for  tramways,  ii 
Hopkinson,  Edward,  designs  of  Bess- 
brook  and  Newr)'  Electric  Tram- 
ways, j^GS 
Horses,  life  of,  on  tramway  work,  52, 
54,  91.  404  ;  life  on  omnibus  worE^ 
104,  105  ;  number  of,  employed  for 
tramway  work,  25,  2S ;  injur)'  to, 
from  defective  pavement,  344  ;  pur- 
chase and  maintenance  of,  cost,  55, 

58^  22.  ZL  16,  22.  24 
Horse-traction  amT  electric-traction^ 

cost  of,  in  Germany,  compared,  7^ 
I  Horsing:  Edinburgh,  tji ;  London 
Tramways,  6q;  London  Street 
Tramways,  62;  North  Metropoli- 
tan, 52,  54. 

Horwic-inocomotive  works  tramway, 
292  ;  Aspinall's  engines,  476 

Hot-water  locomotives  and  steam  - 
cars:  Lamm's  ammoniacal-gas  car, 
413 ;  his  thermo-si>ecific  engine, 
414 ;  B^de  and  Co.'s  hot-water 
steam-car,  430;  Buel's  report  on, 
416  ;  Cockerell's  locomotive,  foj  ; 
rrancq's  locomotive,  509 ;  ?>ancq 
and  Mesnard's  locomotive,  ; 
Todd's  hot-water  steam-car,  412  ; 
data  for  hot-water  power,  502 

Hoylake  and  Birkenhead  tramways, 
tri;d  of  Grantham's  car  on,  422 

Hudderstield  Corporation  tramways,. 
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Dugd.ilc's  system  for,  ;  recon- 
struction, 2(jj ;  lest  of  girder-rail 
fofi  .VV)  :  cost  of,  26s 

Hughes,  Henr>-,  steam  locomotive 
by,  4';6  ;  trials  of,  on  tramways  at 
Leicester,  4^7  ;  Etlinburgh,  4^8  ; 
I'aris,  ^  ;  SliefficM,  458  ;  Vale  of 
Clyde,  458 ;  Wantage,  40 ;  on 
functional  resistance  of  tram-cars, 
399  ;  Southern  Tramways  of  Paris, 
4^8  ;  working  cost,  461  ;  Bristol, 
4<^2  ;  Lille,  462 

Hughes  and  Lancaster's  compressed- 
air  car,  524 

Hull  tramway,  Kincaid's  system  on, 
2io 

Huntingdon.  Mr.,  on  cost  of  tramway 
construction  in  London,  ir^ 

INDIA-RUBBER,  Iwaring  springs 
of,  I)y  George  S)>cncer,  384,  385  ; 
tests  of.  by  Mr.  Kirkaldy,  ^ 
Ipswich  tramways,  Kerr's  waylor,  275 
Ireland,  standard  gauge  of  tramways 
in,  2<ii  ;  Tramway  Acts  relating  to, 
708 

Iron  substructure  for  tramways.  Str 
Ways 

JACOB,  Mr.,  Kincaid's  way  by,  at 
Salford,  2jj 
Johnstone  and  Rankinc's  way,  342, 
:t4^ :  advantages  of,  ;  at 

Glasgow,  106.  17';,  187 

KEMI'ER,  A.,  on  g.as  motors  for 
tramways,  2^8 
Kerr's  system  of  way,  342,  343  ;  tram- 
ways by,  at  Ip^wich,  27s  ;  Wool- 
wich, 277  ;  second  system  of  way, 
278  ;  third  system  of  way  for 
Bucharest  and  Mailrid  Tramways, 
228 

Kincaid's  iron  way,  as  patented,  112, 
1 10.  227,  341  ;  his  second  patent, 
2^0 ;  cost  of,  at  Bristol,  240 ;  gauge, 
his  system  of  keeping  to,  348  ;  sub- 
structure by,  3^1 ;  span  of  bearings, 
351  ;  steel  girtler  rail  by,  3^8  ;  cost, 
339  ;  construction  of  tramway  at 
Bristol,  230,  236,  238 ;  Dcwsbur)', 
229  ;  Greenwich,  1 12  ;  Hull,  230; 
Leeds,  116^  229,  230;  Leicester, 


230»  2^  '  Salford,  234  ;  Sheffield, 
229  ;  Stockton-on-Tees,  244.  245  ; 
Newcastle-upon-Tyne,  240 

Kirkaldy,  Da\'id,  tests  of  tram  rails 
by,  321  ;  tests  of  india-rubber 
springTby,  ^ 

Kitson  and  Co.,  patent  valve  gear  for 
tran)way  locomotives,  468  ;  locomo- 
tive by,  468  ;  on  Dudley  and  Stour- 
bridge tramway,  471 

Kohl,  A.,  locomotive  by,  430 

LAMM,  Dr.  Emile,  ammoniacal- 
gas  car  by,  413 ;  hot -water 
locomotive  by.  414 
La  Plata  tramways,  329 
Larscn's  rail  and  tautening,  1 18 : 
advantages  of,  applied  to  tramways, 
162.  34 >  :  in  Belfast,  120,  1^2  ; 
Dublin,  ;  London  Street  Tram- 
ways, 

Latta,  A.  B.,  steam-car,  40) 

L.iusanne  and  Echellens  railway. 
Brown's  steam-car  on.  482 

Lebout,  M.,  Constantinople  tram- 
ways designed  by,  309 

Leeds  electric  tramway.  See  Rouni>- 

HAY 

Leeds  tramways,  construction  of, 
Kincaid's  way,  229,  230 ;  Barker's 
way  at,  2^  ;  resi>tauce  to  tractic^n 
on,"  by  tL  P.  Holt.  39S 

Legrand's  girder-rail,  ^jo,  ^ 

Leicester  tramways,  construction, 
233  :  cost,  254;  trial  of  Mr. 
Hughes's  locomotive  on,  457 

Leipzig  tramway,  3JJ 

Length  of  tramways,  2^,  2^  22^  48  ; 
Englanil  and  Wales,  48;  London, 
48,  50 ;  table  showing  length  oi 
Imes  authorised  and  opened  by- 
various  companies.  23 — 37 

Ley  tons  tone  (North  Metropolitan) 
Extension  tramway.  Major  Beau- 
mont's compressed-air  car  on,  524  ; 
Page's  s>'Stem  of  way  at,  I2> 

Lichterfekie  electric  railway,  <;98,  599 

Liege,  tramways  at,  305 

Light,  G.  L.,  cast-iron  trani-rail  by, 
7.  8,  350 

Lille,  tramways  at,  304  ;  Hughes's 

engine  at,  ^^63  ;  cost  and  working 
expenditure  uf  engines,  466 
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Uma  tramways,  Cockbum  -  Muir's 
steel  rails  for,  2^  '■<  *»trength  of, 
322 

Lisbon  tramways,  313 ;  locomotives 
on,  3 Id  ;  abandoned,  314 

Livcqjool  Overhead  railway,  60 ; 
cost,  614  ;  methods  of  transmission 
of  electric  currents,  610 ;  tests  for 
efficiency,  612  ;  motors,  6q6  ;  West- 
iughouse  brake  for  cars,  60" 

Liverpool  tramways,  lii  ;  system,  16, 
21  \  construction,  340 ;  Noble's 
crescent  rail,  iCj  gradients,  21  ; 
reconstruction  of,  on  t  'r.  F.  Deacon's 
system,  140 ;  cost,  I  ;  crossings 
and  points,  ;  Duncombc's  de- 
sign for  tramways  in  suburbs  of, 
1 60 ;  cost,  \i£L',  results,  1^  ;  tests 
for  rail,  1  {;3  ;  tests  for  sleci>ers, 
155  ;  bolts  and  nuts,  156 ;  merits 

of,  340,  344 

Livesey's  grooved  rail  tramway,  317  ; 
system  of  way,  Aberdeen,  22h ; 
iron  way,  12^  315  ;  at  Buenos  Ayres, 
with  steel  rails,  316  ;  his  sj-stem  of 
way  in  advance  of  his  time,  34  s  ; 
his  coupled  stools,  3^  ;  his  span 
of  bearings,  33J 

Lizar's  system  of  tramways  at  Belfast 
harbour,  287 

Local  authority,  power  to  purchase 
tramways,  670  ;  judgment  of  House 
of  Lords  as  to  tenns  of  purchase, 
710 ;  byclaws  for  tramway  worked 
by,  68^ 

Locomotives.  See  STEAM  LOCOMO- 
TIVES, COMPREiiSKD-AIR  LOCO- 
MOTIVES, FiRKLEss  Locomo- 
tives, HoT-WATER  Locomotives 

London  tramway  movement  as  re- 
\-ived,  1865,  14 

London  General  Omnibus  Company  : 
capital,  cost,  and  working  expendi- 
ture, 1112  ;  charge  for  horse-hire, 
t;2,  60.  67  ;  damage  to  omnibuses 
uy  imperfect  way,  3^4 

London  Tramways :  Acts  obtained, 
22 ;  length  of.  22.  48,  so.  Si  ; 
cost  of,  114 — 116,  131  ;  con- 
struction of,  22i  6O1  110,  1 13 ; 
general  cost  and  working  expendi- 
ture, 60,  64^  68 ;  inclines  and 
curves,  117;  renewal  of  cars,  65  ; 
renewal    of  way,    66 ;  Aldred- 


Spielmann's  way  for,  130  ;  Gowan*s 
girder  rail  on,  1 33 ;  reconstruction 
and  cost  of,  on  Gowan's  system,  130, 

London  Street  Tramwavs  :  Acts  ob- 
tained for,  2i_i  length  of,  22,  67  ; 
mileage  receipts  and  passengers  on, 
67.  68.  69 ;  cost  of,  mainte- 
nance of  cars,  2i  J  maintenance  of 
way.  II  ;  construction  of,  12^  11^  ; 
Larscn's  fastening  for,  1 1<),  134  ; 
reconstruction  of,  with  girder  rail, 

»34  . 
London    Street   tramways,  inclmes 

and  cur\es  on,  1 1 7 
Lords,  House  of,  judgment   as  to 
terms  of  purch;ise  by  local  autho- 
rity, 710 

I^Gbat,  M.,  tramway  by,  in  New 
York,  5  ;  in  Paris,  296 

Ludwigshafen  tramways,  De  Feral's 
wav  for,  324 

LjTiae,  J.  H..  construction  of  Man- 
chester Corporation  tramways 
under,  246 

MACKIESON'S  system,  340 ;  at 
Dundee,  207.  2JL2 
M'Xay  and  Co.,  Win  by  and  Lerick's 

way  by,  at  Nottingham,  253 
Macrae's  system  of  way,  342  ;  at  Edin- 
burgh, 215 
Madras  tramways,  214 
Madrid  tramways,  228  ;  Kerr's  way 
for,  -yiSL 

Manchester  Corporati<m  tramways, 
Barker's  system  of,  246  ;  construc- 
tion of,  2^6  ;  cost  of,  13J  ;  Gowan's 
way  at,  133 
I  Mannheim  tramways,  Dc  Feral's  way 
for,  324 

Marks,  C,  cable  tramway  by,  at  Mat- 
lock, 553 

Martineau,  Mr.,  his  table  of  weights 
of  cars,  3  V  ;  on  the  advantage  of 
inside  cars,  358 
Matlock  cable  tramway,  SS2 
Meakins'  system  of  way,  I3s.  138, 342 ; 
Soulhwark  and  Battersea,  135  ;  cost 
of,  on  South  London  Tramway,  137, 
138 

Mechanical  power  on  tramways,  40Q  ; 
historical  sketch,  312  ;  elementary 
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datum,  398  ;  hot-water  locomotive, 
502 ;  compressed  air  locomotives, 
i;i4  ;  locomotives  by  Merryweather 
and  Sons,  4.^7,  4.^8  ;  condensing 
locomotive  by  John  Perkins,  423  ; 
Bissell  bogie  steam  car  by  Edward 
Perrett,  ;  double-bogie  steam 
car  by  A.  Brown,  482  ;  double-bogie 
steam  car  by  W.  R.  Rowan,  ^88  ; 
elementarj'  data,  resistance  to  trac- 
tion on  a  railway,  ^08  ;  tramway  lo- 
comotive, 406  ;  A.  P.  Holt's  experi- 
ence on  grooved  rails,  ^98, 400, 402  ; 
Mr.  Hughes's  experiments,  ; 
causes  of  resistance ;  M.  Deloudiant's 
experiments,  400 ;  Mr.  Trcsca's  ex- 
periment, 400,  401 ;  Col.  Sytenko's 
experiment,  ;  Mr.  Wood's  esti- 
mate, 401  ;  Messrs.  Merry^veaiher's 
conclusion,  402  ;  John  Phillip's  ex- 
periments in  starting  cars,  402  ;  E. 
Perrett' s  experiments,  404  ;  experi- 
ments on  Modling  (Vienna)  electric 
railway,  407,  408 ;  Mr.  Conradi's 
experience,  406,  407 ;  mechanical 
propulsion,  with  rules,  402  ;  adhe- 
sion, 494  ;  influence  of  gradients, 
494 ;  steam  consumed,  491; ;  pro- 
perties of  steam,  497,  498  ;  examples 
for  use  of  the  rules,  499 ;  data  for 
water  and  fuel,  501  ;  hot-water 
power,  502  ;  Cockcrell's  hot-water 
engine,  -with  results  and  experi- 
ments, 504  ;  compressed  air  power, 
514  ;  form  of  regidations  issued  by 
Board  of  Trade,  699 
M^karski's  compressed  air  car,  ^19 
Merryweather's  steam  locomotives, 
437  ;  three  classes  of,  ^yS  ;  at  Paris, 
4  ^8  ;  at  Cassel,  Guernsey,  and  Wel- 
lington, N.Z.,  ^jj  ;  at  Rouen,  4^ ; 
at  Batley,  ;  at  Stoke-on-Trent, 
41^4;  performances  of,  438,  440,  442, 

445.  499 

Metropolis,  tramwa>-s  in,  48  ;  length, 

48,  50  ;  cur\es,  I 
Metropolitan  Railway  Carriage  and 
Waggon  Company,  inside  and  out- 
side passenger  car  by,  360 ;  car- 
wheels  by,  construction  of,  361,  .^68 
Metz,  De  Fer.il's  way  at,  32^ 
Miller  and  Co.,  wheels  by,  383 
Mines  and  minerals  under  tramways, 
662 


'  Modling  (Vienna)   electric  railway, 
construction  of,  j^98  ;  experiment  on, 
for  resistance,  407,  408 
,  Monte  Video  tramway,  Cockbum- 
I      Muir's  steel   rails  for,  320,  321  : 
quantities  and  cost  of,  320 
Montreux  electric  railway.  ■;9S 
Morris,  J.,  on  margin  of  pavement 

for  tramway,  zi 
Moscow  tramway, 

Motor,  oil,  651  ;  comi>ressed  gas,  6;; 
Motors,  connection  of,  with  car- wheels 
worked  by  electric  traction,  558 : 
construction  of,  on  locomotive  of 
City  and  South  London  electric 
railway,  591  ;  Spragiie,  cm  Florence 
and  FiestHe  electric  railway,  tsOl; 
Liveq>ool  overhead  railway,  (*^^ ; 
I      Roundhay  (Leeds)  tramway,  618  ; 
'      South  .Staffordshire  tramway,  633 
Moscow,  Vignoles'  rail  at,  res^^ta^lce 
to  traction  of,  401 

N ANTES  tramw.-iy,  Mekarski's 
compressetl-air  car,  ^21 
Neversink  Mountain  electric  railroad. 
641  ;  worked  by  turbines,  641  : 
arrangements  for  working,  (>\  \ ; 
particulars  of  power  employed.  644  : 
details  of  m.ichinery,  645  :  test,  for 
resistance,  647  :  ro.id  data,  648  ; 
distribution  of  electrical  f>ower,  647. 
649  ;  Edison's  compound  dj-naico, 
646 ;  transmission  of  currents,  646 
Newcastle-upon-Tyne,  Winby  and 
Le\ick's  way  .it,  2i^>,  2^7  ;  cost  of, 
257  ;  Kincaid's  way,  240 
Newcastle  tramways,  report  of  Cor- 
poration Committee  on  cable  trac- 
tion, 542 

New  YorE  grooved  tram-rails,  6^  1 ; 
step  rails,  10 ;  car  used  on  tramways 
at,  35i 

New  York  (East)  and  C.inartio  tram- 
way, hot-water  locomotives  on,  4^15 : 
tests  by  Mr.  Bucl  and  Mr.  Brcvooit. 
416 

New  York  and  Haarlem,  first  Ameri- 
can line  of  tramwaj-s,  5  ;  unpopular 
and  suppressed,  5 ;  re\nved  in  1 852. 5 
Noble's  crescent  rail,  i~ 
North    British    Rubber  Company, 
india-rubber  springs  by,  355.  3S4 
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North  Chicago  City  railway,  resist- 
ance to  traction,  by  A.  W.'  \Vri},'ht, 
406 

North  London  Suburban  tramways, 

Vij^olcs'  way  for,  269 
North  London  tramways,  purchase  of, 

5i 

North  Metropolitan  tramway  :  Work- 
ing stock,  cars  on,  54  ;  milcaf,'e 
and  |>asscnj;crs,  55 — 58;  Pace's 
system  of  way  for  jrlass  sleepers  on, 
124,  12^  ;  experimental  lengths  of 
different  way,  122,  123.  124  ;  plank 
base,  123 :  unequal  wear  ol  rail, 
124 ;  Wniby  and  Lcvick  way  for, 
124  ;  Beaumont  compressed-air  car 
on,  524 

North  Staffordshire  tramways,  Vi<^- 

noles'  way  for,  263 ;  Merry  weather's 

engines  on,  4S4 
Nottingham  and  District  tramways, 

Winby  and  Levick's  way  for,  253  ; 

cost  of,  256 


OIL  motor  cars,  6y 
Omnibuses,  average  life  of  horses 
used  for,  104,  105  ;   of  omnibus, 
104-   St'e  also  London  General 
OMNiHirs  Company 
Orleans,  New,  hot-water  locomotives 

used  at.  413,  414 
Oxford,  City  aiid  District 
Brunton's  way  for,  266 


tramwav. 


PAGE'S  system  of  way,  3^  ;  North 
Metropolitan  Tramway,  12^  ; 
tost  of,  128,  120 
Paris  tramways,  h  rancq  &  Mesnard's 
fircless  locomotives  for,  i;i2  ;  Merry- 
weather's  locomotives  for,  437,43') ; 
tramways  in,  2^  ;  cost  of.  3  jo, 
301  ;  electric  Ir.iction  on  railways 
in,  i,h(i ;  Hughes's  locomotives  on 
Southern  tramways  of,  458  ;  cost 
of,  46 1 

Passenger  traffic,  returns  of,  38 
Paung   and  pavement,   as[)halte  a 

failure,  1 14  ;  ashes,  ust.-  of  f«)r,  116; 

wood,  2<K) ;  support  of,  314  ;  ira- 

|>erfcct,  tiamage  by  to  traJtic,  344  ; 

import.mce  of  maintaining,  344.  350 
Perkms.  Loftus,  condensing  locomo- 


tive by,  ^2^ ;  report  of  M.  Fan- 
camps  on,  424  ;  report  of  Mr.  Spec 
on,  ^25  ;  imjirovements  of,  426,  427 
Pcrrett,  Edward,  steam-cars  by,  478  ; 
on  starting  resistance  of  cars,  404, 

Pesih  electric  railway,  598 

Philadelphia  girder  rail,  329  ;  slip  rail 
in,  <2  ;  trial  of  steam-cars  at,  432. 
436 ;  comparative  cost  of  horse  and 
steam  power,  ^ 

Phillip,  John,  on  the  starting  rej»ii>t- 
auce  of  cars,  402 

Points  and  crossings,  663 

Porlt)bello,  construction  of  branch  of 
Edinburgh  Street  tramways,  216  : 
cost  of,  217 

J*ortrush  and  Gi.ints'  Causeway  elec- 
tric tramway,  ^fK> 

Potteries,  tramway  in  the, 

Pritchard,  K.,  Birmingham  cable 
tramways  by,  <;43 

Provincial  tramway,  table  of  cost  and 
working  expenditure  of,  2^ 

Purchase  of  tramways  by  local 
authorities.  House  01  Lords'  judg- 
ment as  to  terms  of,  710 


RADL\L-AXLE  car  by  James 
Cleminson,  376 
Rail  cleaner  by  iL  Conradi,  406 
Rails  :  Aldred-Spielmann  rail,  1  jO, 
132,  342  ;   Aspinall's  at  J lorwich 
locomotive  works,  293  ;  Barker's 


steel  rail,  244,  248  ;  Be/oe  rails,  2lj 
204  ;   box  rail  unsuited  for  me- 


chanical traction,  124  ;  abandoned 
at  ( J  las  go  w,  17>.  i8j;  ;  on  Wirral 
tramway,  2a| ;  Bn;ssels,  iron  rails 
in,  _J05  ;  Buenos  \yrf  s  rails,  321, 
^32 7TT3 urn's  girdef  rail,  330;  Cassel 
iron  rail,  313 
Rails  :  cast-irou.  when  first  tried,  3  ; 
cleaners  for,  406  ;  effects  on  trac- 
lional  resistance,  407  ;  channeled 
rail,  advantages  of  in  towns,  161, 
184  ;  Cockl)urn-Muir,  3 19,  3S2  ; 
crescent  rail,  307  ;  Deacon's 
steel  rail,  ;  Deacon's  rail  in 
Liverpool,  142  ;  Dowsou's  iron  rail, 
2^4  ;  Dugtlale's  rail,  2hl  ;  Dug- 
Sale's  steel  rail  at  Highgate-hil! 
(cable),        ;  llat  rail,  Kjj  obji.'C- 
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tions  to,  III;  Sir  Douglas  Fox, 
OD  La  Plata  tramway,  329 ;  Franco's 
iron  rail,  302  ;  girder  rail  by 
Brunton,  264  ;  American,  Tbila- 
delphia,  329  ;  Bums,  330 ;  De 
Feral,  325  ;  Edge,  294  ;  Gowan, 
132.  196.  330,  342;  Johniitone 
and  Rankiiie,  186 :  Kerr.  276  ; 
Kincaid,  112,  331.  j 38  ;  Legrand, 

331  ;  Meakins,  13s  ;  Winby  and 
Levick,  256  ;  girder  rail,  334  ;  for 
cable  tramway  at  Edinburgh,  534. 
537  ;  at  Birmingham,  550,  ££1  ; 
tests  of,  for  resi->iance,  335  ;  sections 
of  various  (Dick,  Kerr  &  Co.), 
336,  337  ;  weight  and  dimensions, 

332  ;  grooved  iron  rail  in  New  York, 
5 ;  best  form  of  grooved  rail,  3401 
349 ;  Guinncss's  brewery,  2<k)  ; 
(juemsey  electric  liamway,  ^fii ; 
Haworth's  flat  rail,  14^  15  ;  Jolm- 
stone  and  Kankiue's,  at  Glasgow, 
166,  Ll6^  184,  182^  188.  34a.  343  ; 
Kerr's  rail,  276.  279;  Kincaid's 
iron  rail,  222i  229^  230,  231.  237. 
352  ;  Kincaid's  South  London  tram- 
ways,  112  ;  girder  rail,  338  ;  Kin- 
caid's steel  rail,  238,  239,  242 ; 
Larsen's  rail,  nS,  na,  iio^  134, 
162 ;  Dublin,  ;  Vale  of  Clyoe^ 
196,  198  ;  North  Metropolitan,  123, 
124 ;  Lcbout's  iron  rail,  300  ;  Leeds 
(early)  rails,  1 16 ;  Ltgrand  girder 
rail,  j30;  Leipzig  rail,  ^12  ;  Light's 
cast-iron  rail  in  Boston  (U.S.),  8 ; 
Lille  iron  rail,  304 ;  Lisbon  iron 
rail.  114 ;  Liverpool  rail,  early,  L7  ; 
Livescy^s  steel  rail,  iij  ;  Livesey's 
iron  rail,  ^12 ;  Lizars'  iron  rail,  282 ; 
London  tramway,  rail  for,  tio.  IL2  ; 
South  London,  13s,  136 ;  Loiibat's 

5t  22Zi  300;  Macrae  iron 
nil,  218 ;  Macrae  steel  rail,  23 ; 
Iklackieson's  iron  rails,  209,  211. 
213  ;  Neversink  Mountain  railroad 
rails,  640,  642 ;  New  York  step 
rail,  10;  Noble's  crescent  rail,  ibi 
17  ;  Page's  rail,  125  ;  Philadelphia 
step  rail,  2 ;  girder  rail,  329 ;  Port- 
rusn  and  Giants'  Causeway  (electric) 
rails,  567  ;  Ransome,  Deas.  anil 
Rapier's  cast-iron  rails,  2iiD ; 
Shaw's  steel  rail,  252 ;  Siemens' 
steel  rails  at  Lima,  32  l  ;  steel  and 


iron,  comparative  wear  of,  344 :  in 
Glasgow,  184 ;  on  the  North  ilctro- 
politan,  124  ;  strength  of  Cockbani- 
iMuir's  iron  and  steel,  331  —  323; 
R)-mney  or  box-rail,  132  ;  steel  rail 
tests,  153—155  ;  step  rail,  it,  401. 
481 ;  strength  and  design  of  con- 
siderations as  to,  340,  350; 
Sytenko's  rail,  3_n  ;  stiffness  of 
rails,  352;  step  rail,  9,  10,  1 1 ; 
tests  of  rail  by  Mr.  Kirkaldy,  321, 
322  ;  at  Buenos  Ajxes,  327  ;  tirnher 
rail  of  early  tramway,  2 ;  Train's 
step  rail,  13 ;  triple  rail  system, 
15 ;  TrusweU's  rail,  2^1  ;  V'ignolcs* 
rail,  269,  270 ;  objections  to,  342 ; 
modilicalions  of,  by  Bum,  330 ; 
at  Guernsey,  5^2 ;  unequal  wiear 
of  rail,  124 ;  Wellington  <N_Z,> 
iron  rail,  314  ;  Wilson's  rail,  258, 
2>9 ;  Winby  and  Loick's  rail,  124 

Ransom,  Louis,  steam-car  by,  434 ; 
trials  of  steam-car,  436 

Ransome,  Deas,  and  Rapier,  ca>t-iroa 
way  at  Glasgow  Harbour,  280,  283  ^ 
at  Glasgow  Corporation  Gasworks, 
283  ;  cost  of,  282.  284,  285  :  width 
of  bearing,  287 

Receipts  of  tramwa)-s.  Sre  CosT, 
Receipts,  etc. 

Resistance  on  tramwa)^ :  advantage 
on  the  round  contour  of  the  groove, 
Li^i  114 ;  advantage  of  the  follow 
groove,  168.  169,  196 ;  central  bear- 
ing for  wheels,  232  ;  advantage  o< 
a  hrsl-rale  rullLiig  surface,  344,  379; 
C.  L.  Light's  sloping  benne.  ^ 
350;  freedom  of  the  slip  rail,  11 ; 
freedom  of  Mr.  Haworth's  flat  rail, 
14 ;  disadvantages  of  the  crescent 
rail,  161  307  :  Mr.  Holt's  ex- 
periments, 398  ;  advantages  of  light- 
ness and  elasticity,  381 ;  starting 
gear  for  cars  to  prevent,  402  ;  E. 
Pcrrett's  experiments,  404.  481 ; 
A.  W.  Wright's  experiment,  new 
rails  r.  wom  rails,  406 ;  J.  A« 
Wright's  observations  on  resistance 
on  a  dusty  day,  406 ;  causes  of  re- 
sistance, 345.  356,  398;  necessity 
for  vertical  stifltiess,  3>;2  ;  reduction 
of,  by  the  use  of  radial  axles  ani 
loose  wheels,  376 ;  resist ance  of 
car  on  slip  rail  at  Chicago,  40s, 
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481 ;  tests  for  resistance,  on  Rouen 
steam-tramwap,  406 ;  on  Never- 
sink  Mountain  electric  railroad, 
649 

Ridley  and  Co.,  tramwaj-s  laid  by, 
255. 

Rolling  surface,  advantage  of  a  good, 

Rouen  tramways,  resistance  to  trac- 
tion on  dusty  days,  406 ;  Merr}*- 
weather's  enjiines  for,  444  ;  perfor- 
mance and  working  cosl  of,  445 

Roondhay  electric  tramway,  bn; ; 
example  of  Thomson- Houston  sys- 
tem and  current  American  practice, 
61:;  ;  circuit  as  in  use,  ^o\,  616 ; 
electric  connections  of  rails, 
cross -suspension,  method  of  over- 
head construction,  616 ;  cars  and 
motors,  6l5 ;  trolley  and  trolley- 
wire,  62Z  ;  arrangement  of  station 
and  car-shed,  62i;  operation  ex- 
penses, 626 

Rowan,  W.  R.,  steam-car  by,  488  ; 
cost  of  steam  and  horse-power  on, 
490.  491 

Rueil- Marly  tramway,  Francq's  en- 
gine, >;iQ 
Rusholme,  Shaw's  way  at,  252 
Ryde  Pier,  electric  tramway  at,  567 

SALFORD,  Haworth's  tramway  in, 
14^;  Corporation  tramways,  con- 
struction of,  on  Kincaid's  way,  2.U» 
241  ;  Eade's  reversible  car  on,  2M 
Salmon,  T.  R.,  system  of  tramway  at 

Belfast  harbour  by,  287.  2fiS 
Salto  tramway,  Cockbum-Muir's  iron 

way  at,  j20 
San  Fninasco,  system  of  cable  tram- 
ways at,  425^  422 
Santander,  Todd's  steam  locomotive 
for,  4 1 1 

Scoria  blocks,  use  of  at  Salford,  242 
Scotland,  Tramway  Acts  relating  to, 
208 

Scott-Moncrieff's  compressed-air  car, 
522 

Shaw's  system  of  way,  340  ;  at  Rus- 
holme, 252  ;  cost  of,  253 

Sheffield  tramway,  construction  of, 
229  ;  Hughes's  locomotive  on,  458 

SHoBner,  Mr.,  on  electrical  railwavs, 

58s.  598 


SHelford,  W.,  Mcakins'  way  by,  for 
Souihwark  and  Deptford  tramways, 

135 

Siemens,  Dr.  Werner,  on  electric 
traction,  ';66 ;  motor  at  Guernsey, 
581  ;  steel  rails  in  Monte  Video 
and  at  Lima,  320 ;  tests  of  the  rails, 
322 

Sleepers,  sjrstems  of:  block  system, 
318  ;  cast-iron  for  crossings,  155  ; 
cast-iron,  246;  at  Madras,  254 ; 
description  of  various  systems,  340, 
347  ;  crossings  and  points,  155 ; 
fastening  to  rails,  mode  of,  ; 
glass,  124  ;  cost  of  timber  and  cast- 
iron  compared,  160 ;  curves,  16^ ; 
City  ana  Suburban  electric  rail- 
^'ay»  ;  longitudinal,  merits  of, 
347 ;  tmiber,  146,  340,  349 ;  trans- 
verse, 342  ;    wrought  -  iron,  324, 

Smith  and  Mygind,  locomotive  by,  at 

Copenhagen.  430 
Soci£td  Mdtalliirgique  et  Charbon- 

ni&re,  three-cylinder  locomotive  by, 

429 

Southampton  street  tramways,  Wil- 
son's way  for,  258 ;  cost  of,  260 

South  London  tramway,  capital  and 
working  expenditure  of,  73,  25 ; 
horses  on,  24t  2^  5  account  of  mile- 
age receipt  and  passengers,  21! 
repairs  and  renewal  of  cars  and  way, 
22;  reconstruction  of,  135 — 139; 
cost  of,  137 

South  Staffordshire  electric  tramway, 
627  ;  its  system  especially  desi}:^ed 
by  Mr.  Dickinson,  628  ;  generation 
and  transmission  of  power,  629 ; 
cars  and  motors  employed,  632 ; 
the  trolley  as  used  by  Mr.  Dickin- 
son,  634 ;  cost  per  car  mile,  638  ; 
wear  and  tear  of  trolley-wire,  640 

Southport  tramway,  construction  of, 
201  ;  cost  of,  ana 

Southwark  and  Deptford,  Meakins* 
way  for,  135 

Sp^e,  M.,  report  by,  on  Perkins's  con- 
densing locomotive,  42  s :  on  BMe 
and  Co.'s  Belgian  locomotives,  431 

Spencer,  George,  and  Co.'s  india- 
rubber  springs,  384 

Spontaneous  evaporation,  503 

Sprague  motor,  002 
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Sprinj;,  bcarinfj  of  tram-cars,  361;,  370, 
ILL         3^4  ;  iudia-nibbcr,  ^ 

Starbuck  Car  Company,  car-wheels 
by,  30<i 

Steam  cars,  historical  sketch,  407 ; 
byelaws  issued  by  Board  of  Trade 
appHcablc  to.  ;  Baldwin's,  432  ; 
Bede  and  Co.  s,  £^ ;  Brown's, 
482  ;  Grantham,  41)^  ;  Perrett's. 
4"h ;  Ransom's,  434 :  Todd's,  410; 
Tram's,  40 > :  Rowan's,  Wil- 
kin-on's  condensing  locomotive,  471 

Steam  lot  omoiivcs :  on  Lisbr^n  tranj- 
way,  313;  historical  sketch,  409 ; 
calculation  for  steam  power,  4')2  ; 
at  A 1  ford  and  Sution,  278  ;  Fal- 
con  and  Co.,  4(>6 ;  ( i i-oghcfjan, 
473 :  Kitson  and  Co.,  .lOS.  470 ; 
Hughes,  4:^6  ;  Vale  of  Clyde,  4!>6, 
4=; 8  :  \Vantaj,'e.  458  ;  Southern 
Tramways  of  Paris,  41; 8.  461  ;  Bris- 
tol. 4<)2  :  Lille,  4()>  ;  Slerr>  weather 
and  .Sons,  437  ;  at  Cxssel,  312  ; 
Rouen,  444  ;  Dewsbur\",  446  ; 
Stoke-on-Trent,  \  B  ircelona, 
440,  442  ;  Merry  weather's  latest 
desij,Mi  ol  locomotive,  442  ;  Loftus 
Perkins,  423,  42b 

Steam-power,  form  of  re^'ulations 
issued  by  Board  of  Trade,  6<)9 

Steam- power  T'.  horse-power.  Rowan's 
comparison  of,  41)0 ;  methods  of 
calculatinj;  pressure.  502,  503  ;  ex- 
amples for,  ^05  ;  j)rinciple  ol  spon- 
tane  ius  evap  oration,  i;o3 . 

Starbuck  Car  and  Wa^fj  >n  Company, 
inside  pas>en{jer-car  by.  ^2J 

Starting;  gear,  design  of,  by  Mr.  Holt, 
4  >2,  404  ;  cost  of,  ^aj 

Steel  V.  iron  rails,  321.  443 

Stephenson,  Gurdcn  L.,  on  cost  of 
girder-rail,  ;  improvement  of 
Meakins'  system  by.  1 38 

Stephenson,  John,  original  tram-car 
by,  3^4  ;  design  01  brake  for  tram- 
car.  3(10 

Step-rail :  in  Philadelphia,  3  ;  New 
York,    10^  Birkenhead,  rjj 

failure  of,  in  England,  1^ 

Sterne.  L.  and  Co.,  indiarubbcr 
spiral  sprin;4>  bv,  3^^ 

.Stockholm  tramw.iy,  Rowan's  steam- 
car  on,  ,      .  •  • 


I   Stockton-on-Tee"*  and  District  tram- 
ways. Kincaitl  s  w.iy  by  (irover  .uid 
Newton.  244 
St.ike-on-Trenl  Merrv'wcalhcr's  loo 
motives  at.  4>4 

.  Storage  battenea  for  electric  Iraat- 
ways,  562 

j   Straps,  use  of,  in  iramw.ty  construc- 
]      tion,  125 
Strasburg  iramwavs,  5team-car>  on, 
482 

.Stratford,  glass  sleejvrs  at,  124 
Substructure  of  tramways,  importance 
I      of»  34^J ;  construction  of,  f^r  ca.iic 
tramw.iys  at  San  Francisco.  ; 
Highgatc-hill,  •  Edinburgh, 

i       533.    And  sc-f  Ww's 
I   Sunuerland  tramways,  Brt^wn's  l'-:>ci>- 
moiive  on,  487;  Gowan  s  way  at. 

Switches,  use  of.  on  electric  tramway, 
563  :  on  electric  railway,  <;S8 

Sytcnko,  C"l(.ncl.  Moscow  iramwar 
designed  by.  ^11 ;  on  ^e^istancc  of 
tramway,  401 

I 

TESTS  of  rails,  Cockbum-Moir'* 
steel  7'.  iron  rail,  321.  323.  327 
1  Thomson- Houston  s>-stem  of  electric 
tramways,  instance  of,  Gis; 
Tie  bars,  use  of,  111;  abaDdoncd  by 
'       Mr.  Hopkins,  122 

Todtl,  L.  J.,  steam  locomotive  Iry, 

410  ;  hot-water  steam-car  by,  412 
Train,  George  F.,  8.  L2. ;  irainwav  at 
Birkenhead,  rjj  London,  14 ;  Pct- 
leries,  ijj  steam-cars  by,  400 
Tramways,  particulars  of :  Early  in- 
stances, I  ;  Aberdeen,  <J2,  QO.  22ii : 
America,  5, 329.  730;  Antwerp,  305; 
Bahia,  320 ;  Barcelona,  440,  442 : 
Batter^ca,  IK  ;  Belfast  Harbi>ur. 
287.  :  BelT.ist.  120;  Berlin,  ;t>6 : 
Bessbrook  and  Newry,  \ifb,  >,b' : 
Birkenhead,  ij,  20^  ;  Birmingham, 
78,  2121,  ill,  ilU  vi3:  578  :  Black- 
pool, 100,  ^78,  i;r9:  Boston  (U.S.}. 
8j  Bristol.  -8,  231,  34 1,  402 ; 
Brixton,  553:^  Brooniielaw  Quay, 
780 ;  Brunswick.  2<)^ ;  Bru»eis, 
3  >s.  42^  ;  Bucharest,  279  :  Buenos 
Ayres.  12^  318,  J20,  22b.  327. 
3  is ;   City    and    South  Lomiun, 
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588  ;  Canada,  146 ;  Cassel,  31 2^  ; 
Chicago,  537 ;  Cincinnati,  409 ; 
Coney  Island,  436;  Con.slantinop!e, 
309 ;  Copenhagen,  430 ;  Dcwsburv, 
Birstal,  and  Batley,  229,  272  ;  Dufj- 
bn,  ^  162.  164.  36  j ;  Dublin  and 
Lucan,  480,  482 ;  Dudley  and 
Stourbridge,  i2i  J  Dundee,  207. 
no ;  Edinburgh,  91.215,  216.  219, 
"1-  330,  Sill  :  Florence 
.in<l  Fiesole,  v>S,  {itiffTihent,  305, 
306  ;  Geneva,  304  ;  Glasgow,  86j 
i66j  121,  L?ii  I2i  280,  283. 
341  ;  Greenwich,  ^45;  Guernsey, 
443,  580 ;  Guinness VBrewery,  290, 
iXi  ;'Hamburg,  487  :  Hi gate 
ilill,  <;32 ;  Horwich  Lotuniolivc 
Works,  292.  476 ;  Hoylake  and 
Birkenhead,  42J  :  Huddersfield, 
26r,  26^  335  ;  Hull,  230 ;  Ipswich, 
225 1  La  Plata,  329;  Lausanne, 
482  ;  Leeds,  222^  3^ 
Leicester,  233.  ^jj  ;  Leipzig,  UJ  ; 
Lcytonstone,  1 25, 524 :  Lichterfelde, 
S98;  Liege,  30.S  ;  Lille,  304»  46 », 
466  ;  Lima,  321  ;  Lisbon,  313 ; 
Liverpool,  16,  ij,  2ij  140.  i<;8,  1 60, 
340,  6og ;  London,  14 ;  London 
Tramwaj-s,  22^  48^  50,  60.  i  lO,  113, 
•30t  133 ;  LondonStreet  Tram- 
ways, 21.  22.  67,  68,  69,  71,  72, 
117,  119,  134  ;~SIadras,  2^4  ;  Ma- 
drid,  279  ;  Manchester,  133,  i  S  i . 
24<> ;  Mannheim,  324 ;  Matlock, 
552  ;  Metropolis,  ^  50,  uj; ;  Metz, 
324 ;  Mudling,  407,  59^ ;  Monte 
Vmeo,  320 ;  Moscow,  31 1,  401  ; 
Nantes,  521  ;  Neversink  Mountain, 
641  ;  Xewcastle-upon-Tync,  240 ; 
New  Orleans,  413  ;  Xew  York,  5^ 
^  Zi  lOi  lili  ill.  4»6;  North 
London,  53^  260 ;  North  Metro- 

S^litan,  1 22,    124,  121; ; 

brth  Staffordshire,  269,  4C4 ; 
Nottingham,  255  ;  Oxford,  266 ; 
Paris,  2fi6,  300.  43-.  432,  458^  461. 
512,  ;  Philadelphia,  329. 
432,  436 ;  Portobello,  216,  217  ; 
Portrush  and  Giants'  Causeway, 
569 ;  Potteries,  14 ;  Rucil  Marly, 
5 10 ;  Rouen.  406,  443  ;  Rusholme, 
252  ;  Ryde  Pier,  5O2  ;  Salford,  14, 
2^4,  241,  281  ;  Salto,  320 ;  San 
Francisco,  425 ;  Santandcr,  41 1  ; 


Sheffield,  229, 4^8 ;  Sociit^  Meta)- 
lurgique  et  Charbonni^re,  439 ; 
Southampton,  258,  260 ;  South 
London,  73,  1 33 ;  Southport,  201  ; 
South  Staffordshire,  622 ;  South- 
wark  and  Deptford,  ^35;  Stock- 
holm, 421 ;  Stockton-on-Tees,  244 ; 
Stoke-on-Trent,  454 ;  Strasburg, 
487 ;  Stratford  (London),  124  ; 
Vale  of  Clyde,  168.  105.  261,  458, 
522  ;  Versailles,  302  ;  Viennci,  320, 
408,  422  ;  Wallasey,  251  ;  "W^an- 
tage,  419,  4S8.  522 ;  ^Wellington 
(N.Z.),  314,  444 ;  Wirral,  204 ; 
Woolwich,  277 
Tresca,  M.,  on  tractional  resistance, 
400 

Triple-rail  system.  15 

Trolleys,  description  of,  as  used  for 
electric  traction,  560.  562,  634 

Trumpeters  on  Buenos  Ayres  tram- 
ways, li 

Truswell's  system  of  way,  272,  274 ; 
at  Birstal,  272 

Turbines,  use  of,  on  Neversink  Moun- 
tain railroad,  644 

Turton  and  Busby,  lessees  of  Man- 
chester suburban  tramway,  3^ 

UNITED  STATES,  tramwajrs 
first  employed  in,  5:  electric 
traction  in,  564 ;  lengtb  of  tram- 
ways, 730 ;  introduced  into  Europe 
from, 

Unwin,  Professor,  on  Connelly  oil 
motor,  653 

VALE  OF  CLYDE  tramwav-s.  Act 
for,  168.  [25 ;  construction  of, 
t9S.  261  ;  length  of,  19^ ;  Scott 
Moncrieff's  compressed^r  car  on, 
522  ;  cost  of  working  it,  523  ; 
Hughes's  locomotive  on,  41; 8 
Vaucamps,  N,,  on  the  performances 

of  the  Perkins  locomotive,  424 
Versailles  tramways,  construction  of, 
302 

Vickers,  forged  steel  points  by,  237 
Vienna  tramways,  Cockbnni-Muir's 
way  on,  30^^  ;  Graiithanrs  c.ir  on, 
422  ;  experiment  for  tractional  re- 
sistance on,  40<S 
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Vignoles'  system  of  way,  341,  3^ ; 
Tottenham  and  Stoke,  2^ ;  resist* 
ancc  to  traction  of  Vi^jnoles'  rail  at 
Moscow,  401 ;  modilicaiion  of  Vig- 
noles' raU  by  Bum,  330 ;  rail, 
Guernsey  electiic  tramway,  582 


WALLASEY,  Barker's  way  at, 
by  Mr.  Bcloe,  251  ;  cost,  251 
Wantage  rail  and  tramway,  Grantham 
car  on,  and  cost  of  working,  413 
— d22  ;  Hughes's  locomotive  on, 
4 SO  ;  Mekarski's  compressed-air 
car,  ^ 

Ways  having  cast-iron  substructure  : 
iUdred  and  Spielmann  system, 
Tx)ndon,  132 ;  Barker's  system  at 
Manchester,  246 ;  Deacon's  system, 
JJverpool,  140,  148  ;  Dugdale's  sys- 
tem  at  Huddersfield,  261.  263 ; 
Kincaid's,  al  Bristol,  227.  230.  231 ; 
Newcastle,  240 ;  Salford,  241  ; 
Macki'ion's  system,  Dundee,  202 ; 
Shaw's  system  al  Rushohiie,  252  ; 
Tniswell  s  system  at  Bristol,  222  ;  j 
Vignolc's  system,  Tottenham  and  ' 
Stoke,  262 ;  Wilson's  system  at 
Southampton,  2^8.  2.^9 

Ways  having  wrought-iron  substruc- 
ture :  Dowson's  system,  254  ;  Dc 
Keral's  system,  Mannheim  and  Lud- 
wigshafen,  324;  Kerr's  s)Titem  at 
Ipswich,  275Twoolwich,  222 ;  Mea- 
kins'  system,  Soulhwark  and  Batter- 
sea,  135 ;  Page's  system,  London, 
12  s ;  vvinby  &  Levick's  system,  ; 
Nottingham,  255  ;  Newcastle-upon- 
Tyne,  2^  ' 

Ways  which  are  rolled  in  one  piece  : 
Brunt  on' s  system  at  Oxford,  266  ; 
(iowan's  system  at  Dundee,  133.  1 
212 :   London,   133 ;  Manchester,  , 
133  ;  Sunderland,  133 ;  Johnstone  I 
&  Rankine's  sj'stem  at  Glasgow,  ! 


167, 187  ;  Macrae's  system  in  Edin- 
burgh, 224 
Ways  having  wood  substructure  : 
Beloe's  s^'stem  at  Southport,  2QI  ; 
Mackieson's  system,  Dundee,  207, 
214  ;  Macrae's  system,  Edinburgh. 

215 

Wellington  (N.Z.)  City  tramway,  ^lj  ; 
Merr\'weathcr'>  enfjine  for,  443 

WesiinghouM;  brake  on  Liverpool 
overhead  railway,  607  ;  modihca- 
tion  of,  by  Mr.  Greathead,  for  use 
on  City  and  Suburban  electric  rail- 

Wheels  and  axles  of  tram-cars,  con- 
struction of,  15,  355,  2^  iH6j 
flangeless,  393,  397 ;  wear  of  wheels 
3^7  ;  of  Frenai  tram-cars,  379  : 
Eade's  reversible  car,  381  ;  disc- 
wheels,  382 ;  Handysidc  car-wheel, 
489 

iinson's  locomotive,  ^\ 
Wilson's  system  of  way,  341  ;  at 

Southampton,  2>8 
Winby  and  Levick's  system  of  way, 

2S5i  Mil  345  i   on   tramway  in 

London,    124 ;    Newcastle,   2:^7 ; 

Nottingham,  255 
Wirral  tramways,  204 
Wood-plank   base   for  longitudinal 

sleepers,  349 ;  at  Islington  and  on 

North  Metro|)oliian  Tramways.  123 
Wood    substructure   for  traniMviV'.- 

Se€  Ways 
Woods,  Edward,  improvement  of  the 

Grantham  car  by,  419,  421,  422  , 

on  resistance  of  tram-cars,  401 
Woolwich  and  Plumstead  tramway, 

Kerr's  way  on,  277 
Working  expenses  of  tramwa\-s :  xf«- 

Cost,  Receipts,  and  Ex'pkmji- 

TURK 

Wright,  A.  W.,  experiments  on  re- 
sistance of  cars  to  traction,  406 

Wright,  J.  A.,  on  resistance  to  mic- 
tion on  a  dusty  day,  406 
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The  r*iiri fixation  of  Water-  Settling  Ri  -en.oirs — Sand  Filtration — Purification 
of  Water  by  Action  of  Iron — Softening  uf  Water  by  Action  of  Lime — 
Natimd  Flltfation — Service  or  Clean  Water  Reservoirs— Water  Towers — 
Stand  Pipes — The  Connection  of  Settling  Kocrvoirs,  Filter  Beds  and 
Service  Reservoirs — Flow  of  Water  in  Conduits — Pipes  and  Open  Channels 
—Distribution  Systems— Special  Provisit)ns  for  the  Extinction  of  Fire — 
Pipes  for  Waterv\orks— Prevention  of  Waste  of  Water—Varioos  Appli- 
ances used  in  Conuectioii  with  Waterworks. 


Appendix. — Considerations  concerning  the  probable  Effects  of  Earthquakes 

on  Waterworks,  and  the  Sj)ccial  Precautions  lo  be  taken  in  JSarthqnake 
CouDtiies.  By  Frofc^r  John  Milnk,  F.K.S. 
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ADVER  TISEMEN7S, 


MR.  HUnON'S  REFERENCE  BOOKS  FOR  ENGINEERS. 


TH£  WOBKS'  MANAGER'S  HANDBOOK  OF  MODERN  SULE8.  TABLES. 

AND  DATA.     For  Engineers,  Milh%Tighls.  and  Boiler  Makeni  ;  Tool 
Maker  ,  Machinists,  and  Mct.il  \\  urkcrs  .  Iron  and  Brass  Founders,ic. 
By  W.  S.  HWTioN.  Civil  and  Mechanical  Eo^ineer,  Author  of "  The  Piactt- 
cal  Engineer's  Handbook."   Fourth  Edition,  carefully  Revised  and  ptrtif 
Ke-wriiien.  InOnehaiulsome  Volume,  medium  Svo,  price  15s.  strongly  bound. 
"  '1      author  treats  cvciv  subject  from  tin-  i>uinc  ot  new  ut  one  who  has  collorted  work- 
•bop  notes  tor  applii'.tlion  in  workshop  prai  tii-o,  rarht-r  th-infrum  t)ic-  thcort-tical  urlitenrr 
aspot  t.    1  l^c  volume  contains  a  great  de.1l  <>t  that  kind  ot  in.*ortaatton  whicb  i^faiiMdm^ 
by  pr.ii  tical  experience^  and  is  seldom  written  in  books."  — £'M'/7'«r'vr. 
'*•  Ibe  volume  !■  an  eKceedipgiy  uteiul  ooe,  brimlul  with  engineers*  notes,  raenoruida, 
and  nilei,  and  well  worthy  of  betof  on  every  mechanical  mgincer's  booksbctlr."— 

^((chantcai  tfWU. 

THE  PRACTICAL  ENGINEER'S  HANDBOOK.  Comprising  a  Treatise  00 
Modem  Engines  and  Boilers,  Marine,  Locomotive,  and  Stationary.  And 
containing  a  large  collection  of  Rules  and  Pr,T.ciical  Data  relating  to  recer.t 
Practice  in  Desi^nin^  and  Constructing  all  kmds  of  Kngines,  Boilers,  and 
other  Engineering  wi  irk  The  whole  constituting  a  comprehensive  Key  to 
the  Board  of  Trade  and  other  Examinations  for  Certihcates  of  Compefea^ 
in  Modem  Mechaniial  Engineering.  Hv  Walter  S.  Huttos,  C.E.  With 
upwards  cf  370  Illustrations,  Fourth  Edition,  Kevised,  witJi  Additianii, 
Medium  bvo,  nearly  500  pp.,  price  iSs.  strongly  bound. 
Wehavekept  it  at  hand  for  levcral  wi-«ks,  raferrini;  to  it  u  occaiioa  arose,  an  J 

1ia«e  not  on  a  stnele  occasion  coasuited  iu  pafra  without  fiodiof  the  iafonuatioa  o(  whkh 

we  were  in  quft.''—ylfket»mm. 

The  author  has  collected  together  a  torpritloe  quantity  of  mlaa  and  practical  data. 

and  ha«  shownmuch  judKment  in  the  selectiont  he  nav  made.  .   .  .   llicre  is  no  doobt 

-ii  it  tlii^  look  is  ono  ot  the  most  iMcful  of  its  kiud  puhltshod*  and  jnU  he  a  veiy  pepettf 

coiupendjum."  —Engineer. 

8TEAH  BOILSB  CXIllSTBVGTIOlf.    A  Practical  Handbook  for  Engineecs* 

Boiler-Makers,  and  Steam  U>ers.  Containing  a  large  Collection  of  Rules 
and  Data  relating  to  Recent  Practice  m  the  Design,  Construction, and  Work- 
ing of  all  Kinds:  of  Stationary,  Locomotive,  and  Marine  Steam- Boilers.  By 
Walti  R  s.  Ht  TTON.  c  K.   With  upwards  of  300  lUustratioos.  SeoooA 

Edition,  medium  Svo,  duth. 

'*  Tbcro  has  1on(  been  room  for  a  modern  h.indbook  on  stcam  bollen;  there  is  not  tlut 
room  now,  because  Mr.  Uuttoo  hu  filled  it.  It  is  a  thoroucbly  practical  hook  for  ihoss 
who  are  occupied  in  the  conttmction,  desigOr  selection,  or  ese  of  ooitert.**— f  stfvsecr. 

TBE  PRACTICAL  MECRAVICS'  WORKSHOP  OOMPAlflOV.  Compriiiiig 

agrc.'^t  vari(!tvof  the  must  useful  Rnlc^  nnd  Formiil.i  in  Mechanical  Science, 
with  Numerous  T.ibies  of  Practical  Data  and  Calculated  Results  for  Kaali* 
tating  Mecluuural  Operations.  By  WILLIAM  Thmpleto.n.  Sixteenlli 
Edition,  Kevised,  Modernised,  and  consi  derably  Enlarged  by  WaLTKR  $• 
HuTTOM,  C.E.  Fcap.  Svo,  nearly  500  pp.,  with  8  Plates  and  upwards  0(1^ 
Illustrative  Diagrams,  te.  strongly  bound  for  worksht^cw  pocket  wear aai 
tear. 

"  In  its  modernised  fonn  Hattoa*s  'Templeton  *  shonid  have  a  wide  sale,  for  it  coetMO 

murh  valuable  information  which  the  mechanic  will  often  find  of  use,  and  not  a  fea'  tsMM 
aud  notes  which  he  might  look  h>r  in  vain  in  other  works.  This  tnodemi.^ed  edition  willhs 
appreciated  by  all  vdio  have  leareed  to  value  the  original  editions  of '  Tei-;pi<-;<  n. 

*'  It  has  met  with  i:^r.it  success  in  the  en jfinrerinif  workshop,  a*  wccan  te>tifv  ;  atidthrts 
are  a  great  many  lucn  who,  in  a  great  medUkure,  owe  tUeir  rite  in  life  to  this  littie  book."*— 

^  •  Bmitdimg  Stm^ 

London  :  CROSBY  LOCKWOOD  6i  SON,  7,  Stationers*  HaU  Court,  S.C. 
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/?.  K.  Clark's  Pocket- Book  for  Mechanical  Engineers. 

The  Mechanical  Engineer's  pocket-book  of  Tables, 

Formula,  Rules,  and  data:  a  Handy  Book  of  Reference  for  Daily  Use  in 
Eni^'incering;  Practice.  By  D.  KiNNF.AR  ClARK,  >T.  Inst.  C.F...  A»ithf>r  of 
*'  Railway  Machinery,"  •*  Tramways,"  &c.  Second  Edition,  Keviiied  and  Enlarged, 
Small  8vo,  700  pages,  9^.  bound  in  fleidble  leather  coven,  with  rounded  corners  and 
gtlt  edges. 

Summary  of  Contents. 

Matmsmatical  TABLBSd— MBAsoRnomr  or  Suspacss  and  SoLtiM.--EMcusK  Wbichts  ahd 
MsAsintss  — Fmnch  Mrritic  Wcights  amd  Hbasurss.— Fo»icm  Wbichts  ako  Mbasurbs.— 
M  .s«vs.— Spbcimc  Gravity.  Wbight  and  VoLtTMB. — MANtTACTttREo  Metais.— Steel  Pipbs.'— 
B.iLTs  AND  Nuts.— SfNDRV  Articlbs  xn  Wrought  and  Cast  Iko  .,  Coii'hr,  Bra^s,  Lead,  Tim. 
i!isc. — Strength  of  Materials. — Strength  of  Timi'.kk.— Stken<;th  ok  Cast  Iron. — Sthkngth 
OK  WKot;i;HT  Ikon. — STKENf.TM  ok  Stkkl. — Ti  nsilk  Stkknutii        Coi  i  kk,  Lhah,  etc. — Kbsist- 

AVCK  <JP   StoNKS  and  OTHKK   Bl  ILMNi.   M  ATEKI ALS.— Rl  VK  TED  J  <)1  NI IN  I'.OlLKK  PlATES. —  RoiLRR 

Smells. — Wirk  Ruhks  ANDHt  'tr  Koihs — Chains  and  Chain  Caiu.kh. —  Kkamino. — Hard.ness  or 
Mktals,  Alloys  andStosk->  —  Lai.i  ■  i   ik  Animals.— Mechanical  Pkivi  h  i  k->. — (Ikavity  and  Fall 

OP  BOOIBS. — ACCELBKATING  and  RsTAH  I>I  NO  t'ORCB.S.— MiLLGeaRINC,  Sh  AKTI  NO, &C.— TmANSMISSION 
op  MOTIVB  POW8R.— HBAT. — CoXIBUSTION:   FlfBLa.^WABMING.  VENTILATION,  CoriKING  StOVES.— 

Stbam.— Stram  Knoinrs  and  Boilers.— Railways.— Tramways.— Stram  Ships.— Pumping  Steam 
Emginbs  and  Pcmts.— Coal  Gas,  Gas  Enginbs,  ftc— Air  in  Motiom.— Comprb^sbd  Aib.— Hot  Air 
Enginrb.— Watbr  Powbr.— Sraan  or  Cuttimg  Tools.— Colours.— Blsctrical  ENCiNBRBtNC 

Opinions  of  the  Tress. 

**lCr.  Clark  manifests  what  is  an  ianste  pereepUoo  of  what  is  Hkclf  to  be  osaful  Uib  pocket> 
book,  and  he  is  really  unrivalled  in  the  art  of  condensBtion.  Very  fr^  queiiU*  we  fiod  the  iafomiaiion 

on  a  Riven  subject  is  supplied  by  giving  a  summary  description  of  .in  esp^'riQiant,  and  a  statement  ot 
the  results  obtained.  There  is  a  very  excellent  steam  table,occupyini;fiv<p-and-a«balfpaKes ;  and  there 
are  rules  given  for  several  cilculation^,  whicli  ruli  s  cannot  be  found  in  other  pocket-books,  as,  for 
example,  that  on  pai?e  497.  for  getting  at  the  quantity  of  water  in  thu  shape  of  priming  in  any  known 
Wffiijht  of  steam.  It  is  very  difficult  to  hit  upon  .inv  m  chanical  eii>;ineerinK  suhji  ct  concerning 
wliich  this  work  supplies  no  information,  and  the  <  xct'llent  index  at  the  end  adds  to  its  uulity.  In 
ofit:  w  ird,  it  is  an  cxceeduikily  handy  ,in<l  ctTn  i' ui  tool,  ■  -.scssi  d  <>t  which  the  engini'<  r  w  ill  he 
Haved  many  a  wearisome  calculation,  or  yet  more  weirisome  li  int  thr>>ui;h  various  text-books  and 
treatises,  and,  as  such,  we  can  heartily  reconuncn<i  it  to  our  readt  rj>.  *i.  ■  niu'-t  not  run  awav  with 
the  idea  that  Mr.  Clark's  Pocket-book  is  only  Molcsworth  in  another  furm.  On  the  contrary,  each 
cjniains  what  to  not  to  be  found  in  the  other;  and  Mr  Clark  takes  mj  c  room  Bad  deais  at  inore 
length  with  many  subjects  than  Molesworth  possibly  could.'  —T/k  Ennnetr. 

**  It  would  be  found  diffcok  to  compms  Hiore  matter  withm  a  Monilar  compass,  or  produce  a  book  of 
fx^n  ptges  whidishovld  be  mra  ooRwact  or  ooavenicat  for  pocket  re'erence.  .  .  .  Witl  be  appre- 
ciated bv  meehaBicBl  eapasers  of  all  dassw.**— i'Nsrt^ce/  Engimter. 

**  Jtm  the  kiad  of  woik  that  practicBl  laea  rcquiie  to  hare  ocar  to  Vasm^-^Sm^A  Mtcknmk, 
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MR.  HUTrON  B  PRACTICAL  HANDBQQK8. 
Hamfbaok  for  Works'  Managers* 

The  WORKS'  MANAGER'S  HANDBOOK  OF  MODERN  RULES, 

Tables,  and  data.     For  Knginetrs,   Millwrights  nn  l   l?i)i]<.  r  striker*  Tool 
Makers,  Machinists  and  Metal  Workers ;  Iron  and  Brass  Founders,  6lc.  hj 
W.  S.  HiiTTOTl,  Civil  and  Mechanical  Enpincert  Author  of  '*The  Fmctical  £o« 
liineer's  II.iiKlbor.k."    Fouith  Kilition,  carefully  Revised  an^l  partly  Re-writtca.  lo 
One  hindsome  V  olume,  medium  8vo,  price  15/.  strongly  touod. 
C4^^  TJie  Author  Aavint;  (ontpihd  Ruhs  and  Data  forkiscvm  ustin  a  gneatntri^f 
of  mcdei  n  (Hgitufrin-^  -vork,  and  havitts^  f'lUtui  </    !iJt(S  txtrttfidy  usiful,  dci    '.  :  U 
publish  (hem—rtviied  to  date — hflUvi»i:  !hal    f  rat  ttcal  zcork,  suited  t4  tkt  DAIJUV 
yUlRKMENTS  OF  MODFRN  \-.^c^\'S.VJL^i>,  ZLH'ittd  bc Javcitrabh  re(eh(d. 

In  the  Fourth  Edition  the  Ftrst  Section  Aat  dun  re<i>ritten  and  impmed  iy  tit 
addifif'tt  of  numerous  Illustrations  and  nr:r  ma'f^r  ri!.itni^  fo  S  itam  ESiilNKS  and 
If  AS  Lnlines.  Tkt  Second  Sectian  has  been  enlarged  and  Hi  ustratfd^  atid  thr<m^homi 
the  book  a  great  numbor  of  omtndatiom  and  alterations  have  been  tnadct  with  tke  aijtei 
0/ rendering  the  hook  martfeneraHv  usffti!. 

*^*  Opinions  of  thk  Press. 

**  The  author  tfcatt  every  mbject  from  the  poiet  of  view  of  one  who  has  eolleetcd  worlnhop  iwlcm  kit 

appticalion  in  workshop  practice,  rather  ihan  from  the  theoretical  or  literary  aspect.  The  volitaic  coiitais^ 
a  great  deal  of  that  kind  of  inforination  which  it  gained  only  by  practical  experience,  and  is  »cldom  writteo 
la  book*." — F.HfiMfer. 

*'The  volume  is  an  cxrcctiinj^lv  u^rfut  one,  brirofii!  witS  engineer*' notes,  roemoraijda,  ftnd  rulev  ati 
well  wTlhv  of  bcii;*;  iti  cvtrv  in»-(J,.\ni.  .»l  cii^ii  l-ci b.j;  .k^hclf." — .UfihouiCOt  ll'crlJ. 

"  I  'le  information  is  precisely  that  likely  to  be  required  in  practice.  •  .  .  Tto«  work  forsM  a  de- 
»irnhle  addition  tn  the  library  not  ottty  of  ibc  worki*  flMUMgcr,  but  of  anyooe  connected  with  gattal 

rii^;  neering." — Mining  JaurMal. 

"  A  formidable  niiins  of  facii^  and  fignreit  readily  accessible  through  an  elaborate  index.  .  .  .  S»ch 
«  volume  will  he  found  absolutely  accestary  a*  a  book  of  reference  in  all  sorts  ot  '  works  *  ccooected  wiUr 
the  metal  trade*."— A'//ri«.i'/  Irtm  Trad«$ Ciffutar. 

*'  Brimful  of  uf6ful  infenB«tion,  stated  ia  a  condie  form,  Mr.  Hutton's  books  bava  met  ^pgtwm^ 
went  smonK  enRtnec's.  The  liook  must  piove  catteoMly  ttseful  to  every  practical  Mas  peaseakinf  a 
C  )pj*-''    /''v:.  tictti  Engineer. 

Hew  Manual  for  Practical  Engineers. 

The    Practical   engineer's    Handbook,  Compming  a 

Trc.itise  on  Modern  Engines  and  Boilers,  Marine,  Locomoiive,  and  ^taiionary. 
And  containing  a  large  collection  of  Rules  and  Practical  Data  relating  to  recent 
Tractice  in  De<>ig:ning  and  Constructing  all  kind?;  of  F.iigincs,  Boilers,  and  r,thrr 
Engineering  woik.    The  whole  con&liluting  a  comprehensive  Key  to  the  Board  of 
Trade  and  other  Kxaminations  for  Certificates  of  Competency  in  Modern  Mechanical 
Kncineerin^.    By  WALTtK  S  II;  nox.  Civil  and  Mvchntiic.il  Fni^iiieer.  Author  c<\ 
**Thc  Works'  Manager's  Handbook  for  Engineers,"  &c.    With  upwards  of  ;7C» 
Tltanrations    Fourth  Edition,  Revised,  with  Additions.    Medium  8vo,  nearly  50c 
pp.,  price  iSj-.  stronjjly  bound. 
%J0'  This  'u'O'k  is  desisted  as  a  ff^fftMuiou  to  /!  •  Aufhi-'r's  ' '  WoRKs' M  ANAr.T:K  > 
Handbook,"    It  possesses  many  ttew  and  oi^inal  features,  and  contains,  /tie  its  pre^e- 
eestor,  a  quantity  of  matter  not  originally  intended  for  ^ublitation,  but  eoHeefedoy  the 
Aiithof  for  hit  own  use  in  the  eonstmetion  of  agroai  varnty  of  Modern*  Engimebusg 
Work. 

The  information  it  j^iven  in  a  eondenstd  attd  eomise form^  and  is  iUitstmtod  hy  nf- 

tvards  of  370  /f'  /  an  /  comprises  a  </u  mfity  cf  !al  u'atcl  :ni}tt,r  .■'f  ^^rcaf  z  i!ue  to  al! 
engaged  in  Uesi^ning,  conslrmtingt  or  estimating  for  ENGINES,  BolLERS,  and  OTU&R 
Engineering  Work. 

*,*  Opinions  of  the  Press. 
"  We  have  kept  it  at  hand  lor  several  week«.  rcferhnf  to  it  as  occasion  arose,  and  we  have  not  oa  a 
rngle  occatioa  coosalted  its  pages  without  findiag  the  iaforaatioa  of  which  wc  wcra  in  qvcsc** 

"  A  ihorout^hly  good  practical  handbook,  which  no  engtaeer  can  go  thiaufh  arishottt  tsaraim  tamp' 
thing  that  will  be  ofacrvice  to  him.**— ^We^'w.'  Fn^infcr. 

"  A«  eacallent  book  of  rcferenoc  for  engineer-.,  and  a  valuable  test-book  for  stodcata  ol  sJKiaaer 

*•  This  valuable  manual  embodies  the  rc^  :lts  and  experience  of  the  leading  authontles  on  mechanicjl 
•Bfin^'rinK." —  /iut/dittg  A'eiv.t. 

'•  Tie  author  has  collected  tocetber  a  siirjirising  qii.iniity  of  n)lr<  .in<I  practical  data,  and  has  ^ho«o 
much  jii  l.:r:irnt  111  itic  ^<-N-«  tmiTi  iic  h,is  ni.iric.  .  .  .  I  here  is  no  (ioubi  tint  this  book  is  onc  oi  ibe 
nio^t  li'C  ul  'if  IIS  k>n(i  jiiiMi^hid,  ;ind  will  ht  a  Very  popular  compcn<iiurii  " 

"  A  in.i>.s  'if  iiif'irr'niK.n,  v^t  ilo»  n  in  simple  language,  and  in  such  a  (orni  ih.it  it  c.ti  t>e  c.»ni(v  rr  'trrei 
to  at  any  time.  '1  he  matter  is  uniformly  good  and  well  chosen,  and  is  greatly  elucidated  by  tae 
illustrations.  The  book  will  find  its  way  on  tn  most  eDflBCCrs*  sbalvi^  wheiC  It  will  nsk  aaoaaoftbe 
most  ufteiul  books  of  reference."— /'mc/fira/f^iViWMr. 

Full  of  :sefiii  ioforauitioa,  and  should  be  fouad  oa  the  ofice  Aelf  of  aU  piactical  enginemi."* 
£m£inh  Mteketmie. 
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MR.  HUTTON'S  PRACTICAL  UANBBOOKQ—coniinutd, 


Fraoticai  Treatise  on  Modern  Steam-Boilers, 

Steam   boiler  Construction,    a  Practical  Handbook  for 

Engineers,  Boiler- Makers,  and  Steam  I'str'?.     Containing  a  Inrge  Collection  of 
Rules  and  Data  relating  to  Recent  Practice  in  the  Design,  Construction,  and  Work 
ing  of  all  Kinds  of  Stationary,  Locomotive,  and  Marine  Steam-Boilers.  By  Walter 

S.  Hi  TTON.  Civil  and  Mechanical  Engineer,  Author  of  "The  Works'  Manager's 
Handbook,"  '*  The  Practical  En^^ineer's  Handbook,"  &c  With  upwards  of  300 
Illustrations.    Second  Edition,  medium  t>vo,  iSs.  cloth. 

C9r  THfs  Work  is  issued  in  emtimtafion  0f  the  Strips  ef  Httndhooksmtten  hy 

M^"  y^«///or. -  —•'Thk  Works' Managkr's  IIandi  ook"  7;  '  '  The  Practical 
E.NGINEKK  S  Handbook,"  which  arc  so  highly  appreciated  bv  Engineers  for  the  practical 
nature  »f  their  informatim  ;  and  is  consequently  written  in  the  same  style  as  those  'Sforks. 

The  Author  believes  that  the  concentration,  in  a  co  tvenient  form  for  easy  ref  rencc, 
cf  sufh  a  large  amount  of  thoroughly  prjcti  al  information  on  Steam- Boilers,  H'lU  be  of 
ionsiderc^le  service  to  those  for  whom  it  is  intended,  and  he  trusts  the  Ifook  maybe  deemed 
worthy  of  as  favourable  a  neeptiom  as  has  been  aeeorded  to  its  predecessors. 

Opinions  of  the  Press. 

"  Every  detail,  both  5n  boiler  design  and  management,  is  clcirly  laid  be'"orc  the  reader.  Thevahimc 
shows  that  boiler  coastructton  lias  beta  reduced  to  the  condaioa  of  on«  oi  the  most  exact  sciences ;  and 
•Itch  a  book  u  of  the  utoiost  vatuo  to  ths  Jin  ett  siiele  Engineer  and  Worka'  Manager."'— .<V.*niir 
Et^imeer. 

"Tlicre  has  long  been  room  for  a  modem  handbook  on  tteam  b)ileni;  there  it  not  ibat  room  now, 
b«eattM  Mr.  Hutton  has  tilled  it.  It  iaathprouahl/ nraciioal  b»ek  Or  thoie  who  are  oceupied  in  the 
consiniction,  design,  selection,  ortise  aihcX^n.—'Kmginrer, 

"The  ho<<V.  IN  of  >o  important  arn!  conipreticnsl vc  .1  rli.ir.irtcr  that  it  must  find  its  way  into  the 
libraries  uf  c\ rrry  otic  iiUcrcstoii  m  bjiler  ur»u)g  or  bjik-r  iii.i'jaLict u r-^  if  ihcy  w-sh  to  be  tharouj^hly  in- 
iornicd.    Wo  sirrin;;ly  recommend  the  l  -iok  for  the  intrinsic  value  o'  it>  r  uitcnts  "—  l/i  /;/'»«•' 1  !ri>Kff 

*'  The  value  ot  this  book  can  bMr<ily  be  over-tstimatcd.  The  author's  rules,  formula;,  &c  ,  are  «l4 
very  fresh,  and  it  is  impossible  to  turn  to  the  work  aod  DOt  find  what  yon  want.  No  practical  engiceef 
should  be  without  il."— Colliery  Guardian. 

Mutton's  "Modernised  Tempieton," 

THE  PRACTICAL  MECHANICS'  WORKSHOP  COMPANION.  Com- 

prising  a  great  variety  of  the  mo<;t  useful  Rules  and  Formul.r-  in  Mechanica* 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  lor 
Facilitating  Mechanical  Operations.  By  Willi a.m  Templbton,  Author  of 
"The  Engineer's  Practical  Assistant,"  &c.  &c.  Sixteenth  Edition,  Kcv i^cd. 
Modernised,  and  considerably  Enlarged  by  Walter  S.  llunoN,  C.E.,  Author  of 
*'The  Works'  Manager's  Handbook."  "The  Pracitcal  Engineer'a  Handbook,"^ 
Sec.  heap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  35O  lUttStrative- 
Diagraflui,  6s,  strongly  bound  for  workshop  or  pocket  wear  and  tear. 

Opinions  of  tiif,  Prf.ss. 

"In  its  modernised  form  Hutton's  '  Templcton '  should  have  a  wide  sale,  for  it  contains  much 
wluabie  information  which  the  mechanic  will  oUen  find  of  u»e.  and  not  a  (cw  tables  and  notes  which  he 
nigiit  look,  for  m  vain  ia  Other  works.  This  modernised  edition  will  be  appreciated  by  all  who  have  kanitd 
to  value  the  original  editions  of  'Temp'eloo.'" — Englisk  Mechatiic. 

"It  has  met  with  grrat  success  in  the  engineering  workshop,  as  we  can  testify;  and  there  are  a 
great  many  men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  book.' — liuildinz  A  < 

■'  ThiN  f.inuliar  tc.vt- book— well  known  tf>  all  IIlCLh.«Illc^  ami  engineers — is  of  essential  \ervite  to  the 
every-d ay  I equirements  of  engineers,  millwrights,  and  the  various  trades  connected  with  engineering 
and  building.  Thn  new  modcfiiiaed  edition  is  worth  its  weight  in  goJd."— iFntfiAiiyp  Newt,  (fteccod 
N'otice. ) 

"  This  well-known  and  largely-used  book  contains  information,  brought  up  to  date,  of  the  %ntx  >o 
uneful  10  the  foreman  and  draughtsman.  So  much  fresh  information  has  t>een  introduced  as  to  conM)* 
tute  it  piactically  anew  book.    It  will  be  largely  used  in  the  office  and  workshop." — Mechanical  il\rUt. 

"  The  puUishers  wisely  enlruMed  the  task  of  revision  of  thia  popular,  valuable,  and  useful  book  to. 
Mr.  Hutton  than  whon  a  more  competent  nuw  they  could  not  have  found/ —/nM* 

Templeton's  Engineer's  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S,  AND  MACHINIST'S  PRAC- 
TICAL AMltTANT.  A  collection  of  Useful  Tables,  Rules,  and  Data.  By 
WiLUAM  TxMPLKTON.    Seventh  Edition,  with  Additions.   l8mo,  2s,  6d,  cloth. 

*.*  Opinions  op  the  Press. 

*'  Occupies  a  foremost  place  annint;  b<joks  of  this  kuci  J.  A  more  <.uit.'ible  pvetsnt  tO  an  apprentice  tO 
may  of  th«:  mechanical  trades  could  not  possibly  be  made." — UuiiiiiHg  \rw%. 

**  A  dcsnrvedly  popular  work.  It  should  be  in  the  *  drawer '  of  every  mpih»s»G."'-£i^Uk  Meehmnic. 
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Foiey'8  Office  Referwrn  Book  for  Meohanieal  Engineers, 

The  mechanical  engineer's  reference  book,  for  Machine 

and  Boiler  Construction.     In  Two  Parts.     Part  I.  Genehal  Enoikeesinc. 
Data.    Part  II.  Boiler  Construction.    With  51  Plates  and  ntunerous  IUb*- 
.tndoiia.  By  Nelson  Folby,  M.I.N.A.  Folio,  jCs  5-^*  half-booiid. 


Summary  of  Contents. 
PART  1. 

Ckntkb  AMD  Radius  or  Gy«ATioM* 
MoMSNT  or  Imutia. 

CiNTU  or  OtCILLATtOlt. 
BUCTKICtTT. 

Strbwoth  or  M atbiials. 

Elasticity. 

Test  Shkets  or  Mktals. 

FRIC  T!ON. 


MSASURSa. 

OacuiintKCNCES  and  Akbas,  4c.*  SguAUSt 

CuBBS,  Fourth  Powbrs. 
Squarb  and  Cubb  Roots. 
SuRPACB  or  Tdbbs. 

ReCll-KOCALS. 
LOCARITHUS. 
MBNSI  KATIOS. 

Specific  Gravities  ano  Wbights.  ■    Transmission  or  Power. 

WoKK  ARD  POWBR.  j    Flow  ok  LiyuiDS. 

Hkat.  Flow  of  Gasf.s, 


C'OMni'STION. 

BXPANStON  AMD  CONTftACXION. 

BsrAMSiON  or  Gasbs. 
Stbam. 

Static  Fotcrs. 

GRAVITATtOtI  AND  ATTBACTIO*. 

Motion  and  CoitroTATiON  or  Rbsoi.tiiio 

Forces. 
Accumulated  Work. 

With  DIAGRAMS  roB  Valve-Gbar.  Bbltino  and  RorBS«  Discrabob  ard  Soctioh  Piks. 

SCBBW  PaOrSLLBBS,  AMD  CoPrBR  PirES. 

PART  II 

rRE»TiNc,  OK,  Power  ok  BoilbBS.  '  Screws. 


AtK  Pimps.  SiKfArE  CoHDBVSBBSi  te. 

Spkeo  of  Steamships. 
Propbllers. 
Ci'TTiso  Tools; 
Flanges 

Copper  Shbbts  akd  Tubbs. 
Screws,  Nuts,  Bolt  Hbads,  ftc 
Vabiovs  Rsarss  AMD  MucbUiANBOOS  MArns. 


UsEFLL  Kaiio: 
Notes  on  Construction. 

CVLINDKICM.   BOILKR  SHBLLB. 

Circular  Furnacbs. 
Flat  Platbs. 
Stays. 

GlRDBRS. 


Hydraulic  TbstB. 
Riveting. 

Boiler  SeTTIHO,  CHtMMBTS,  AHD  MoORnROt. 
Furls,  ftc. 

BXAMBLBS  or  BOILBBS  AHD  SrSBDS  OB  STBMI* 
SHIPS. 

NOHIHAL  ANO  NORMAL  HORSS  POWBB. 


With  DIAGRAMS  roR  all  Boilbb  Calcoiatiohsand  DBAWiHOSor  many  Vabibtibs  or  BottsBt. 

*«*  OPIMtONS  OF  THB  PRISS. 

"Thi^  .inpf';irs  to  he  a  work  for  which  there  should  ho  .i  large  demimi  on  th-  part  of  icf  ch.in;"i! 
OlMnneers.  It  is  no  easy  matter  to  conijiile  a  lK)ok  of  tliis  cl.iss,  aiifl  the  latKnir  un ul  \  c  i  is  enorir."-^. 
pariiriilai iy  when — as  the  author  informs  us — the  majority  of  the  tabUs  and  diuijrarris  have  beta 
specially  prepared  f>r  the  work.  The  (iiakjrains  are  ex-^epti milly  well  execute<l.  and  gen«Til-.» 
Cons;rijcte<i  on  the  method  adopted  in  a  previous  woik  b\  the  same  autlior.  .  Tl'e  tab.rs  »l« 
very  nunit  rous,  and  deal  with  a  gre.iter  variety  of  subjects  than  will  ^ene  ally  he  found  in  .*  workol 
tills  kind  :  thev  have  evidently  been  compiled  with  gwat  Care  and  are  unusually  complete.  .Mills'' 
inf  jriiiati  ft  eiv.  n  appears  to  be  well  up  to  date.  .  .  .  It  would  be  quite  impossible  wicbn  (b? 
)iaii(>  at  our  disposal  to  even  enumerate  all  the sahjscts  treated  ;  it  shoold.  however,  be  menticfifi 
that  tlie  author  «f ncs  not  confioe  himself  to  a  mere  bald  slatemeot  of  formulae  and  laws,  Imt  in  wy 
many  instances  shows  sa6cinctly  how  these  are  derived.  .  .  .  The  lattrr  part  of  the  book  i» 
devoted  to  diagrams  reladnc  to  Boiler  Construction,  and  to  nineteen  beainifaUy.e«ocnted  flaws  «< 
worklnc  drawinn  of  boilers  and  their  det^ls.  As  samples  of  how  soch  drawings  shoaM  be  roc  <Mt> 
they  may  be  eoivially  recommended  to  the  attention  of  all  young,  and  even  some  elderly,  en^ioeen. 
.  .  .  Altogether  the  book  Is  one  which  eveiy  mechanical  engineer  may.  with  advantage  to  hii&Kit 
add  to  his  library." — Industrtes. 

"Mr.  holey  is  well  fined  to  compile  such  a  work.  .  .  .  The  diagrams  arc  a  great  feature  of  t'  ; 
work.  .  .  •  Regarding  the  whole  work,  it  may  be  very  fairly  staled  that  Mr.  Fuky  has  productd  » 
volume  which  will  undoubtedly  fulhl  the  desire  of  the  author  and  become  indi.<>pensable  to  all  mcchictcjl 
engineers  '  -  Marin*  Engitutr. 

"  We  have  carefully  examined  this  work,  and  p'onpunce  it  a  m^st  excellent  reference  book  foe  lie 
use  of  marine  engineers. " — youmtl of  American  So'  ietv  of  S'arai  Ensinttrt. 

"  A  vehtalile  monument  of  induntry  on  the  part  of  Mr.  Foley,  who  has  succeeded  in  productag  vkH 
is  sim^y  invaloaMe  to  the  enginesriag  professioo."<— JTAtfiwiA^. 

Coal  and  Speed  Tables. 

A  POCKET  BOOK  OF  GOAL  AND  SPEED  TABLES,  for  Engineers 
and  Steam-users.  By  Nel.son  Foley,  Author  of  "The  MetdMniatl  Eogiiiccr's 
Reference  Book."    Pocket-bize,  ^s.  6</.  cloth. 


**  These  tablet  are  deiigiied  to  meet  the  tcquircmcnls  of  everyday  use :  they  are  of  safBdcat  Kip* 
for  li*ONt  practical  pufDOMib  and  may  be  commended  to  engineers  and  luers  of  steam."— /rt^w. 

"Thi»  pocket-book  well  merits  ihe  attention  of  the  practical  engineer.  Mr.  Foley  has  conpilei' 
very  useiul  set  of  tablet,  the  information  cont  linf-d  in  which  is  freqoealljr  required  hf* 
con  turners,  aad  users  of  steam.  "Wrvis  mmi  Cva/  Ttaiti  Rrvirw. 
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Steam  Engine, 

Text-Book  on  the  Steam  Engine.  With  a  Supplement  on 

Gas  Engines,  and  Part  II,  o\  Heat  Engines.  Bv  T.  M.  Goodi-VE,  M.A., 
Barmter*at>Law,  Professor  of  Mechanics  at  the  Royal  Cfollege  of  bciencct  London ; 
Author  of  *'The  Principles  of  Mechanics,"  "The  ElemenU  of  Mechanism," 
•.^c.    Twelfth  Edition,  Enlarged,    With  numeroua  lUvstfations.    Crown  8vo» 

6/.  cloth. 

"  Profe»«OT  Gooucvc  has  given  ns  a  treati'-e  on  ths  steam  enRine,  which  will  bear  comparison  with 
Sttiythitij;  written  by  Huxley  or  Muxwcll,  and  wc  can  award  it  no  higher  praise." — En^itUfr. 

"  Mr.  Coodeve't  texi>book  is  a  work  of  which  every  young  engineer  ibouki  posMts  hioaself."— 
Mimbig  7<M»nMA 

Oae  Engines, 

On  Gas  Engines.  Wiih  Appendix  describing  a  Recent  Engine  with 

Tube  Igniter.  By  T.  M.  GooDtvt,  M.A,  Crown  8vo^  2s,  6d,  doth.  [Jusi pttbUshed. 

*'  Like  all  Mr.  Goodeve's  writin the  present  b  SO  exoepttOB  Id  poial  of  iCBcnd  cacallenes.  It  is 

a  valuable  Utile  volume."— .i/r.  /ia«i.a<  IVjrld. 

Steam  Engine  Design, 

A  Handbook  on  the  Steam  Engine,  with  especial  Reference 
to  Small  and  Medium-sized  Engines.  For  the  Use  of  Engine  Makers,  Mechanidd 
Draughtsmen,  Engineering  Students,  and  Users  of  Steam  Power.  By  Herman 
Haki>fr,  C.E.  English  Edition,  Re-edited  by  the  Author  from  the  Second 
German  Ldition,  and  Translated,  with  considerable  Additions  and  Alterations*,  by 
H.  H.  P.  PowLXS.  A.M.LC.E.,  M.l.M.E.  With  nearly  i.too  Ilhistrations. 
Crown  Svo,  gj.  cloth. 

"  A  perfect  encyclopxdia  of  the  steam  engine  and  its  details,  and  one  which  must  tike  a  permanent 
pbce  in  Enj[lish  drawing-offices  and  workshops."— ^-i  Foreman  Fatttrn-maktr. 

"  This  M  nn  excellent  book,  and  should  be  in  the  bands  of  all  who  are  interested  in  the  constructioo 
and  design  of  medium- siiod  statiooaiy  encincs.  ...  A  careful  study  of  its  contents  and  the  arrnocc* 
SBcnt  of  the  sections  leads  to  the  conclusion  tha»  there  is  ptobably  no  other  book  like  it  in  ibis  country. 
The  volume  aims  at  showing  the  results  of  practical  experience,  and  it  certainly  may  claim  a  eomplei* 
aduevement  of  this  i(ka." — Nature. 

"  There  c.ui  bu  no  question  as  to  its  value.  We  cordially  commend  it  to  ail  concerned  in  the 
design  and  constt  action  of  the  steam  engine."— JtfMMntai/  IVerM. 

Steam  Boilers, 

A  Treatise  on  steam  boilers  :  Their  strength,  Construction, 

and  Economical  Working.    P.y  R.  Wilson,  C. F.    Fifth  Edition.    lamo^ 6f.dotK 

"The  best  trcatt.sc  that  ha»  ever  \       publtsltcd  on  &tcam  boilers."— £»jf/»/^^^.  _  . 

*'  The  .luthor  shows  himself  perfect  master  of  his  subject,  and  we  heartily  recommend  all  empleytnc 
steam  powfT  to  posNcss  thenuelves  of  the  motk.^'-^Rjlatid't  Jrom  Trtdt  Circuiar, 

Boiler  Ciiimneya, 

Boiler  and  Factory  chimneys:  Their  Draught-Power  and 
Stability.  With  a  Chapter  on  Lightning  Conductors,  By  ROBERT  Wilson,  A.I.C.E.  , 
Author  of  "A  Tnttise  on  Steam  Boilers,"  &e.   Second  Edition.   Crown  8vc, 

6</.  cloth. 

"  A  valuable  contribution  to  ihc  literature  of  scientific  building."— T/if  Builder, 

Boiler  Making. 

The  boiler-Maker's  ready  Reckoner  and  assistant. 

With  Examples  of  i'lacucal  i«.*cuiuetry  and  Templaling,  for  the  I  se  of  P'aters, 
Smiths,  and  Riveters.   By  JOHN  Courtney,  Edited  by  D.  K.  Clakk,  M.I.C.E* 
Third  Edition.  4S0  pp..  with  140  Tllvj^trations.    Fcap.  Svo,  7^.  half-bound. 
"No  workmin  i-cntice  >-h      !  be  without  this  hook,"— iron  Tradt  CircMloT. 

Locomotwe  Engine  Development 

THE  Locomotive  Engine  and  its  development.   -'V  Popular 

Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines  between 
1803  and  1893.  ByCLBMBNT  E.  StrKITON.  C.E.,  Atttbor  of  "Safe  Railway 
Working."  &c.  Secoti.l  Fdition,  Revised  and  much  Enlarged.  With  95  Illus- 
trations. Crown  Svo,  3^.  6./.  cloth.  YJust  publish^. 
"  Students  of  railway  history  aiuJ  all  who  .ire  interested  in  the  evolution  of  the  modem  loeonotnro 
trill  fi"*^  iiuicH  to  .jttract  and  entcrt.iin  in  tlii^  vi.luine.  "  -  Tfif  Tin./s.  u^.. 

"Tilt  .mtlior  <)!  ((lis  work  i-^  well  known  tu  \hv  r,iiK%.iy  world,  and  nu  otie,  probably,  has  a  bettor 
knowledge  if  the  Insiurv  and  d<  v»  lopment  of  ttit  Ioconioti\ r-.  Tlx' volume  oefonf  Uk sbould  be Of 
value  to  all  connected  with  the  railway  system  of  this  country."- iVa/wrc. 
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Fire  Engineering. 

Fires,  fire-Engines,  and  Fire-brigades,    wiih  a  History 

of  Kire- Engines,  iheir  Construction,  Use,  and  Management  ;  Remarks  on  Kire-Prooi 
Buildings,  and  the  I'reservation  of  Life  from  Fire  ;  Statistics  of  the  Fire  Appliaacf* 
in  English  Towns;  Foreign  Fire  Systems;  Hints  on  Fire- Brigades*  &c.  Jcc.  By 
CfiAKLFs  F.  T.  Yoi;nu»C.£.   With  numerous  Illustrations,  544  pp*,  dooySva^ 

£1  4r.  cloth. 

"  t  o  such  of  our  readen  as  are  inlerc*ted  in  the  subject  of  fires  and  fire  apr>.Triiu»,  *e  can  i»->t 
h-iartily  commend  this  book.  It  u  really  the  only  £ogli»h  work  we  now  Iwve  upoa  ii>e  subject."— 
^KghirfriHg. 

'*  It  displays  much  e^ndenca  of  carerul  reMarcb,  ami  Mr.  YouDg  hat  put  his  facu  n^Uy  tofct^ 
Hi«  acquftiniance  with  the  practical  details  of  the  cooMructwa  of  staam  fire  engines.  o)daadBCV«MB 

the  condition-^  wit!*  wLicli  it  is  nece<i<ijry  they  -hf<',!d  comply, i» aoCttiatC  and fulL"'— '.£<V«Mirr. 

Estimatinq  for  Engineering  Work,  &c. 

Engineering  Estimates,  Costs,  and  accounts  :  a  Guide 

to  Commerctal  Engineering      With  nunerons  Examples  of  Estimates 

Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  En^ine>  nn  l  S'fj^ 
Boilers  ;  and  a  Section  on  the  Preparation  of  Costs  Account:!.    By  A  G&N£&al 
Mana(;er.    Demy  8vo,  I2x.  cloth. 
"Tlii-^isan  exii  ilent  and  VCiy  vscrul  book,  coverinc  snt>](  rt-n;.itter  in  corst.inf  ro-ui-itiof  n 

every  factory  and  workshop  The  book  is  invaluable,  not  only  to  the  youo^  eagiit*^.  ^'^ 

also  to  the  estimate  department  of  every  works  "—liitxldtr. 

"  We  accord  the  work  unqualified  praise.  The  information  isfiven  in  a  plattt,  McaiiiitfQn'tra 
manner,  and  b«atv  throuKbout  evidence  ot  the  intimate  practical  anqnainiaBCW  of  the  aathor  aitb 
every  phra5e  of  coimreTri  1!  tTi^-inef^ring,'*— M«C*ail«6ai  Wortd, 

Engineering  Construction, 

Pattern-Making  :  a  Praclical Treatise,  erabracing  the  Main  Typo 
of  Engineering  C  oiiiiruction  and  including  Gearing,  both  Hand  and  Machine-ms^^ 
Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Colomot,  Screws,  Machine  Parts 
Pumps  and  Cocks,  the  Moulding  of  Patterns  in  T.oam  nnd  Greensand.  c^c  ;tog«ther 
with  the  methods  of  E.stimating  the  weight  of  Castings  ;  to  which  is  added  an  Appen- 
dix of  Tables  for  Workshop  Reference.  By  A  FOREMAN  PATTERN-MAKifc. 
Second  Edition,  thoroughly  Revised  and  much  Enlaiged.  With  upwards  of  45" 
Iilustrati<ms.   Crown  8v'o.  js.  M.  cloth.  \jmt putliikd. 

**  A  welt'«rriiten  technical  guide,  evidently  wrilten  bjr  a  nan  who  undentands  and  has  pw<6^ 

what  he  has  written  .ibout  We  cordially  recommend  it  to  en{>ineenng  •tudrnts,  9^<f 

j  jumiymen,  and  others  dcMrous  of  beinfc  initialed  into  the  mysteries  of  pattern-making." — BtnUtr. 

"  Al  re-  than  ;7  1  lilustr.itions  help  to  <.'\pl<i;i  rtn  •(■xt,  which  is.  hiwcvcr,  always  clear  and  expi''-"''> 
thu5  readenng  the  work  an  excellent  tnnU  mjLum  lor  the  apprentice  who  desires  to  become  OUiter  ^ 

Diotionary  of  MBohatiioai  Engineering  Terms. 

LocKwooD's  Dictionary  of  terms  used  in  the  practice 

OF  MtCHANJcAL  Engineering,  embracing  those  current  io  the  Drawing  Oftce, 
Pattern  Shop.  Foundry,  FitCine,  Turning,  Smiths*,  and  BoUet  Shops,  &c  At 
Comprising  upwards  of  6,000  Definitions.  Edited  by  A  Fokema.n  PattesV- 
Maker.  Author  of  "  Pattern  Making."  Second  Edition,  Keviscd,  mth  Additjont* 

Crown  yvo,  "Js.  dd.  clolh. 

**  Jiut  tkc  sort  of  handy  dictionary  required  by  ihe  various  trades  engaged  in  mechanical  ef«f^^ 
ing.  The  pract'cal  cilgineerine  pupil  will  find  the  book  of  areat  valuein  Irn  studies,  atid  every  fi>rea» 
angineer  and  mechanic  i^ould  have  a  coitv." — /itiilnUng  Nrm.  ,  . 

'  One  of  the  nioit  uaetul  books  which  can  be  presented  Io  a  mechanic  or  studeot."— ^Eaf*"* 
tiefhame. 

"  Not  merely  a  dictionary,  but.  to  a  certain  extent,  also  a  mo<it  valuable  guide.  It  strikfS  at^* 
happy  idea  to  combine  with  a  dehnition  ot  the  phrase  useful  inforoMtloa  oa  tbe  subject  of  •bical 
trcMs."— Machinery  Mtrket, 

Mi/I  Gearing. 

Toothed  gearing  :  A  Prartu  ,i1  Handbook  for  Offices  and  Work- 
shops.    By  A  Foreman  Pattern  Maker,  Author  of  "Pattern  Makinp. 
**Lockwood**  Dictionary  of  Mechtnical  Eoginteriiig  Teraii,"  &c«  With  1^ 
Illnstntions.  Ciown  8vo,  6/.  doth.  OustfiMt*^' 

Summary  of  Contents, 

Chap.  I.   Paiwciw-Rs.  —  11.  Formation   of  Wheels.- -XI.  Skew  Bbvel«.— XII.  V*r^»^ 

Tooth  Frofilks.— III.  Proportion  ^      Ti  k  r  11  akd  othkr  CfKARS.--XIII.  Diametricajl  rW"- 

—  IV.  Mrthods  of  Making  Tooth  I  opms  —  — XIV.   Thk   ODOHTCKiRAPH.  — -W.  PatTiS* 

V.  Involute  Tn- rn     VI  SoMh  Sfkcial  T*x)  l  it  Gf  aks  — XVI.    M  a'  mi.sk    Moi  i  mso  Ot*^^ 

l  oRMs  — Vir.  liHVicL  Wheels.— VUI.  Scatw  i  XVll.  Machine  CijT  Gkars -XVIil.  PW*" 

Ckaks  —IX.   Woau  .GBARa»  — X.   Hklicai.  |  tion  or  Whf.kls. 


"We  aiu«t  give  the  bonk  «itr  umianlified  pcaiae  Ibr  its  thorouahness  «f  traatment  aadveo* 
Iwaniljr  tecommwd  it  to  alt  iateveAvd-  as  iha  mert  pracikal  book  en  the  saMeei  ysi  wnma  ' 

MfekuHtcal  World. 
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MECHANICAL  ENGINEERING, 


Stone-Luorking  Machinery. 

Stone-Working  Machinery,  and  the  Rapid  and  Economical 
Conversion  of  Stone.    With  Hints  on  the  Arrangement  and  Management  of  Stone 

Works.    By  M.  Powis  Balk,  M.I.M.E.    With  Illustrations.    Crown  8vo,  9j. 

"  The  book  should  be  in  the  haadt  of  every  masoo  or  ttudcot  of  stonework/' — C»Uurf  GumrMuH. 
*'  A  capital  handbook  for  all  who  Buunpubuw  Motte  for  bttildio^  or  onuuncBMl  purpoMt." — 

Mitch- nt '  %■  \fa^kft. 

Pump  Construction  and  Management. 

Pumps  and  Pumping:  a  Handbook  for  Pump  Users.  Being 
Notes  on  heiection,  Construction,  and  Management.  By  M.  Powis  Bale, 
M.I.M.E.,  Author  of  ** Woodwotking  Machineiy,"  *'Saw  Mills,"  &c.  Second 
Edition,  Revised.    Crown  8vo,  2s.  6d,  cloth. 

''The  matter  i%  set  forth  as conctiely  m  pofsible.  In  fact,  condensation  rather  than  diffuseneta 
Cias  been  the  author aua  throoahout  J  VM  be  does  oot  leem  to  have  ouiitted  aor thing  likalr  to  tie  of 
4i»c."--jfoturHai  oj  Gus  Lighting, 

**  Taoroiichlj  practical  and  simply  and  dearly  wrttten.*'~4/(»^oiv  HtnU, 

Mining  MaoMnery,  Ac. 

Milling  Machines  and  Processes  :  a  Practical  Treatise 

on  Shaping  Metals  by  Rotary  Cutters  Including  Information  on  Making  and 
Grindinrr  the  Cutters.  Ry  Pail  N.  HASi.tTK.  Author  of  "Lathe-Work." 
*•  Handy  books  for  Handicrafts,  '  6ic,  With  upwards  of  300  Engravings,  including 
namerotts  Drawbgs  by  the  Attthor.   Large  crown  8vo.  352  pages,  tas,  6tf.  doth. 

*' A  ne«r  departure  in  cnglncrrlng  literature.    .    .    .    We  on  rec'>miin.-nil  this  wotkteaUhltSWSied 

«0  millinij  machtncs  ;  it  is  what  u  pr£»l'e»»e'»  to  l)c--a  practical  trcaisc  '*  hHgmtrr, 

"  A  capital  a;.  J  r'  ubie  book  which  will  n  -  dtmbt  be  i>t  c  iiiMdcr.iM.;  srrvicf  bo'h  to  thosf- w  ho  ate 
Already  acquaioied  with  the  piooew  as  weli  a«  40  louwe  who  conteinpUue  its  adoptUMh"  -ImdtutrU*. 

Turning. 

Lathe-Work  :  a  Practical  Treatise  on  the  Tools,  Appliances,  and 
Processes  employed  in  the  Art  of  Turning.  By  Paul  N.  Hasluck.  Fourth 
Edition.  Reriaed  ud  Enhtrged.   Crown  Svo,  5;.  cloth. 

"  Written  by  a  man  who  knows  not  onty  how  work  oaght  to  be  don*.  Vat  whoaUo  knows  bow  to  do 
««,  and  howto  convey  hi»knowledKe  to  others.  To  all  turner*  this  book  woold  be  y9AvuMt9,*'—Bmgii$eeri$tg, 

"  We  ca;)  s.irdv  rc<:ommrn<l  the  work  to  voting  enKineer*.  I'o  the  amateur  it  wiU  simply  be  iamtfh* 
able.   I'o  the  ttudctu  it  will  convey  a  great  deal  of  useful  iu/oroutioa."— £^iiM««r. 

S9nw-Cutting. 

Screw  threads  :  And  Methods  of  Producing  Them.  Whh 

numerous  TaUet  and  complete  Directions  for  using  Screw-Cutting  I.athes.  By 
Paul  N.  Hasluck,  Auihorof  Lathe-Work,"  cS;c  With  Seveniy-four  Illustra- 
tions.  Third  Edition,  Revised  and  Enlarged.    Waistcoat-pocket  size,  2/.  td.  cloth. 

**  Putt trf  useful  inrormation.  hints  and  practical  cnticisti.  Taps,  Sm^  and  setvwiitt  tool*  fMSrally 
«n  iniittrated  and  their  action  described."— itf^cAaiMM/  U^0rld, 

**  It  is  a  complete  compendhm  of  sll  the  detsils  of  the  scimriCMttiD^  lathe ;  in  fact  a  muttnmum* 

^arvo  on  -ill  rVie  .-ti-r^T^  ii  trenr-,       >n."      '  .  \  rr  i^fji  BuMtlt* 

Smith's  Tables  for  Mechanics,  &c. 

Tables,  memoranda,  and  Calculated  Results,  for  me- 
chanics. Engineers,  Architects,  Builders,  &C.  Selected  and  Arranged 
by  Francis  Smith.  Fifth  Edidon.  thoroughly  Revised  and  Enhmd,  with  a  New- 
Section  of  r.i.F.rTKicAL  Tables,  Foftiiuije/&  MsMOBAitDA.  Waistooat-pockec 

size,  I  J.  6^/.  limp  leather. 

"  It  would,  perhap<i,  be  as  difficult  to  make  a  .<maI1  pocket-book  S4^«cdon  of  nalos  Mid  IhnnulaB  to 
suit  Al  l.  engineers  .iv  it  would  be  to  make  a  univer>.>I  medicine  ;  but  Mr*  Staidl*S  «ntSt00nt«pedMK  col- 
lection may  be  lonWcd  upon  .a*  a  successful  .ntcmpt."— /-.//r/W^r. 

"The  be^t  cirarnple  «c  have  ever  <i(-L-n  nf  ?7o  paK*"-*  of  useful  matter  packctl  Into  thoduMilsionsof  a 

<;ar<l-ca-.c."  —  /luiiiiiif;  AVzcj.  "  A  veritable  po*.ket  trcANury  ol  koowledgc." — /rvn, 

french  English  Glossary  for  Engineers,  &c, 

A  POCKET  Glossary  of  Technical  Terms  :  English- 

FRCNCH,  French-English  ;  with  Tables  suitable  for  the  Architectural.  Engineer- 
ing, Mannfactnrtng,  and  Nautical  Professions.  By  John  Jambs  Fletcher,  Engineer 
and  Surveyor.  Second  Edition,  Reviaod  and  Enlarged,  200  ppu  Waistooat<po«kct 
size,  IS,  6ii.  limp  leather. 

"  It  IS  a  wygiMt  advantage  for  readers  and  correspwdentsia  Fiance  and  England  to  have  so 
1an«  a  amaber  of  die  words  relutos  to  flnginecring  and  nanafMtarcn  eoUocted  in  a  filiputiaa  volane. 
Tbe  littt*  book  will  be  o<efut  both  to  students  and  travellars.**— ^fv^tYMtf. 

"  The  (;h)<s-irv  o''  rrrni<;  <s  very  rwniplete.  .m  )  in  my  of  Cbs  Tabl«S  IV*  MM  and  WtO  amaiod 

We  cordially  commend  ihc  bocik." — Mttkamicai  iVvriU, 
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Year-Book  of  Fngfneering  Formulce,  SiC. 

The  Engineer  s  YEAR-BOOK  for  1894.  Comprising  Fonnuls- 
Rule's,  1  ablcs,  i>aia  and  Memoranda  in  Civil,  Mechanical,  Electrical,  Marioe  and 
Mile  Engineering.  By  H.  R.  KCMPE,  A.M.InstC.K.,  M.f.E.E.,  Tediniai 
Officer  of  the  Fnj^inecr-in  Chief's  Office,  General  Vo^i  OtTcc,  !  ondon.  Author  of 
"A  Hindbcok  of  iiicctrical  Testing, "  *'  The  Electrical  Engineer  s  Pocket-Book, 

With  700  lUutlratioiu,  specially  En^iaved  for  the  work.   Crown  8vo,  6oa 
iwgen,  8r.  leather.  [7"^^  publiskti. 

"Rf-pnsents  an  enormout  quaoticy  ofwcrk,  and  forms  a  desirable  boak  of  reference."- 7u 

1  ha  vc^iuiie  is  disUocily  in  advance  of  most  i  Imilar  paUieationt  in  this  oouoiry."— £iic(*<*^- 
'*Tliw  iraluable  and  well'deiigned  book  ot  refcreaoe  mcctt  the  denaods  of  all  dcscriptioM  oCov* 

neers."'  Saturiay  Revirtv. 

**  Teems  with  up-to-date  infoimation  in  every  branch  of  engineering  and  coniiruclion." — BtdUi^ 

"  The  :)ccd^  L<f  tttc  cngiticeriuii  itrnfcNNi: in  could  hardly  be  supplied  in  a  more  admirable,  complcR' 
and  convenient  form.    To  say  that  tt  more  ihan  sustains  all  COttpansoni  is  piaiac  «f  the  hichut  Mit, 

and  that  may  iii»tly  be  «aid  of  it.'* — Mtning  Jt^urmjl. 

"Ttifre  IS  certainly  room  for  the  new  c^■:n^•^,  which  supplies  explanitions  and  dtrcci,on=,  a* 
as  formul:*:  and  tables.    It  deserves  to  become  one  of  the  must  successful  of  the  teebnicai  .i&nuai^-"— 
Architfit. 

"  Brings  to(;ether  with  grrrit  sVill  all  the  technical  information  which  an  engineer  has  to  OM  iV! 
hf  day.    It  is  in  every  w^y  admirably  equipped,  and  is  sure  to  prove  successful." — SctiMmutu 

"  The  up-io<^aiciic>4  oC  Mr.  Kcaape'ft  cQmpilaiUm  is  a  quality  that  will  net  be  km  m  dx  \mf 
people  for  whom  tl  e  work  is  ioteBded.**— CAi^pvw  HtwrnbL 

Portable  Enginw, 

THE  Portable  engine  :  its  Construction  and  manage- 
ment: A  Practical  Mmu.il  for  Owners  and  Users  of  Steam  Engines  generally.  B» 
Wjlliam  Dyson  Wansbkough.  With  90  lUustratioos.  Crown  Svo,  3^-  fid.  doiL 

*'This  is  a  work  of  value  to  those  who  use  steam  nadiiBery.  .  .  .  Should  be  read  by  every  oat 
wbo  has  a  steam  engine,  on  a  f.nm  or  elsewhere." — Sfark  Law  Ex^rest. 

'*  We  cordially  comnicml  thiv  work  to  buyer*  and  owners  of  steam  engines,  .ind  to  those  who  1a»eW 
do  with  iKcir  (.oii'-triu  I  mil  or  ii'-c."  - /V/«/-(-r  I  >  .ut'(s  yournal, 

•"Such  a  general  knowlttige  of  ihc  t.tc.mi  (.1  kT'iK-  as  Mr.  W.uisbro\ii;h  Airnishes  to  the  readci  siiould 
beacquired  by  all  intelligeat  owners  aiul  others  wl     1      the  s!<-am  engine  "    Building  y/v-t. 

"  An  excellent  text-book  of  this  useful  form  ut  cngia*.   The  *  Hiois  to  Purchasers '  cooiatn  a 
deal  of  cooimon-sensc  and  prac  ical  wisdo  a."— fa^/fsA  Micianit. 

Iron  and  Steel, 

"IRON  AND  STEEL":  A  Work  for  the  Forge,  Foundry,  Factory. 
And  Office.  Containing  ready,  ustfal,  and  inistworthy  Information  for  Ironmaster* 
and  their  Stock-takers;  Managers  of  Bar,  Rati,  Plate,  and  Sheet  KoUinc:  Milk; 
Iron  and  Metal  Founders;  Iron  Ship  and  Bridge  Builders;  Mechanical,  .Minisf. 
and  C'H  su'tinf^  F.n^ineers  :  .Aichiiccts,  Contmctors,  Builders,  and  Professional 
Draughtsmen.  By  Charles  Hoake,  Author  of  "The  Slide  Kuie,"  &c.  Ei£liU> 
Edition,  Revised  throughout  and  considerably  Enlaced.   32mo^  6s.  leatbcr. 

"  For  compehensiveness  the  book  has  not  its  eqiuU." — /rrm, 

**  One  of  the  best  of  the  pocVet  books."— ^M^/irA  Meckamc, 

"  \Vl  cnnii  illy  rt  .  Munend  r his  book  to ihoBc ciwaged  in  conddcring daiail* oi  all  kinds  or  if» 

and  sicel  wurkv." — Suvai Science. 

Elementary  Meohanioe, 

CONDENSED  MECHANICS.    A  Selection  of  Forratilie,  Rules,  Tabltf, 
and  Data  for  the  Use  of  Engineering  Students,  Science  Classes,  &c.    In  accord- 
ance with  the  Kerjuiremcnts  of  the  Science  and  An  Department.    By  W.  G- 
Crawi  uku  Hughes,  A.M.I.C.E.    Crown  Svo,  2.,.  OJ,  cloth. 
"The book  is  well  fitted  for  tho*e  who  are  either  confronted  with  practical  probletns  in  their  wsi'^, 
or  arepreparinp  for  aaamioatioa  and  wish  to  refresh  their  knowledge  by  going  through  their  fona«i» 
again.  '-Afanw  JSmiptrntrr. 

"  1 1  Is  wdl  ananged,  and  meets  tha  wants  of  those  for  whom  it  is  iDtendcd."— i?«<AMor  Siwm. 

Steam. 

The  Safe  Use  of  Steam.    Containing  Rules  for  Unprofessional 

Steam-users.    By  an  Enc.Ln  ttK.    Sixth  Edition.    Sewed,  6</. 
"  Ifstc.in^.-iiscrs  wiMiid  i>;it  lr.-.irn  this  littio  book b/ iMail^  boilet eaplosions wiQvId kceoBM  seawiaa* 

by  iheir  TArW^       ■E»£iitk  MtchafUc. 

Warming. 

Heating  by  Hot  Water;  with  Inionaaiiou  and  Suggestions 
on  (he  best  Methods  of  Heating  Public,  Private  and  Horticnltnral  BuOdtngs.  B« 

Wai.tfr  'nvEs.    Second  Edition.    Wiih  96  Illustration;,  crown  Svo,  2S.  .' 
'*  We  contidently  recommend  all  inter»>sted  in  beating  by  hot  water  to  secure  a  cop/  ^ 
valoable  little  treaiise."— r*(  Piumbtr  md  Decoraior. 
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TH£.  POPULAR  WORKS  OF  MIGHAEL  REY MOLDS 
("  The  Engine  Driver's  Frieno"). 

locomotiue'Engine  Drwing, 

Locomotive-Engine  Driving  :  A  Practical  Manual  for  Engineers 
in  Charge  of  Locomotive  Engines.  By  Micharl  Reynolds,  Member  of  the 
Society  of  Engineers,  formerly  Locomotive  Inspector,  L.  B.  and  S.'C.  R.  Ninth 
Edition.    Induding  a  Key  to  the  Locomotive  Engimb.   With  lUtistrattous  nnd 

Portrait  of  Author.    Crown  Svo,  4/.  6(/.  cloth. 

"  Mr.  Reyaold»  has  supplied  ;i  want,  and  has  supplied  it  well.  We  can  confidently  recomraend  the 
book  not  only  to  the  pntciical  dnvcT,  but  to  evexyone  who  takM  in  iaioreit  in  lh«  peilanHUioe  of  loco- 
notive  engines."—  TAr  EngiHter. 

"  Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day*  This  admirable  practical 
treatt«e,  of  the  pmcdcal  utility  of  which  we  have  to  speak  intermtof  warmcommcndatioii."— ^M«M<nKM. 

"  Evideotljrdbeworkof  one  who  knows  his  subject  %\\ot9i»^till<t/*—ItaitwM^StrvU*GMUttt. 

"Were  the  cautioitt  and  ruU*  given  ia  the  book  to  become  pert  of  the  eveqr-day  werkiag  of  on* 
engine-drivers,  we  might  have  fewer  diBir«ttiBf{  aoddcatt  10  dcploie."— ^CiflinMM. 

Stationary  Engine  Dtiuing. 

STATIONARY  ENGINE  DRIVING:  A  Practical  Manual  for  Engineers 
in  Charge  of  Stationary  Engines.    By  Michael  Reynolds.    Fifth  Edition, 

Enlarged.    With  Plates  and  Woodcuts.    Crown  Svo,  4J.  6d.  cloth. 

"The  author  is  thoroughly  acquainted  with  his  nibjcct*,  and  his  advice  on  the  ^>ariouft  pouiis  treated 

is  clear  and  practical  He  hat  pfodticed  a  naiuial  which  is  an  exceeding^  luciul  one  for  tlie 

class  for  whom  it  is  a|iedaUy  intended."'— ir«viii(Mrvji|g'. 

'*  Our  aitdior  leavea  tt(»  stone  unMmcd.  He  is  determined  ihat  hit  readei*  shell  not  only  know 
SOOKthiag  about  the  stationary  engine,  but  all  about  \t."—Enginttf. 

**  An  engineouui  who  has  mastered  the  contents  of  Mr.  Reynolds's  book  witl  rcouire  but  little  actual 
•xperieactt  with  boiler*  and  engines  beib  e  he  can  be  trusted  to  look  after  them."— ^ly/fitA  MiMkmidt, 

The  Engineer,  Firemaft,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN,  AND  ENQINE- 

BOY.  Comprising  a  Historical  Notice  of  the  Pioneer  Locomotive  Engines  and  their 
Inventors.  By  MicnAEi.  REYNt)Li)S.  With  numerous  Illustrations,  and  a  hne 
lortrait  of  George  Steplienson.    Crown  Svo,  4^.  a/,  cloth. 

"  From  the  technical  knowledee  of  theauthor,  it  will  .ippeal  to  the  railway  man  of  to-day  more  forcibly 

than  anything  written  by  Dr.  Smiles  The  volume  contains  infotmation  of  a  technical  kind^ 

nd  facts  that  every  driver  should  be  familiar  with.**— Mttkantc. 

**  We  should  be  glad  to  see  this  book  in  the  posirsiion  of  everyone  in  the  kingdom  who  has  ever 
l«d,  or  is  to  lay,  .hands  on  a  tocoraotive  engine.'*— /rMS. 

Continuous  Railwnu  Brakes. 

CONTINUOUS  RAILWAY  BRAKES  :  A  Practical  Treatise  on  the 
several  Systems  in  Use  In  the  United  Kingdom :  their  Construction  and  Perform- 
ance.  With  copious  Illustrations  and  nmneioiisTahlei.  By  Michael  Reynolds. 

Large  crown  Svo,  9X.  cloth. 

"  A  popular  explanation  of  the  different  brakes.  It  will  be  of  great  assi*taxice  in  forming  public 
opinion, and  a  il'  l' ■    UKiitd  wuh  hcncht  liy  tho'-c  who  t.ikc  .ni  interest  in  the  brake." — FKi;Iiih  Aft-  h<ini<  . 

"  Written  wuh  sutticienl  technical  deuil  to  enable  the  principal  and  relative COUDectioD  of  the  various 
pMU  of  eadi  partimlar  brake  to  be  leadUy  gnsped.*'— Jiinbiistcn/  Wtrld, 

Sngine-Driuing  Life. 

engine-Driving  life  :  Stirring  Adventures  and  Incidents  in  the 

Lives  of  Locomotive  Engine-Drivers.  By  MiCHAEL  RkYKOLDS.  Third  and 
Cheaper  Kdiiion.    Crown  Svo,  is,  (xi.  cloth.  [!/**^^ pubiuhed^ 

*'  From  first  to  l.i«t  perfectlv  f.i-cin;iting.   Wilkte  CoUins's  most  thrilling  conceptions  are  thrown  into 

the  shade  by  true  inculcnts,  cllOlcs^  in  thtir  variety,  related  in  every  pane  "    SortH  Britnh  Mail. 

"  Arjyone  who  wishes  to  get  n  real  insight  into  railw.iy  life  cannot  do  better  than  read  '  Etiginc- 
T)riving  Life'  for  himself,  and  if  he  once  t.^kcs  it  up  he  will  find  that  the  .luthor's  enthusiasm  and  real 
l,>vc  of  the  cn'i^inc-.lnvmg  pri>fc-sio!i  will  rarry  hini  on  till  he  has  read  every  page." — Satmrdajf  Jttvitw, 

Pocket  Companion  for  Enginemen. 

THE  ENGINEMAN'S  Pocket  Companion  and  Practical  Educator 
for  Enginemen,  Boiler  Attendants,  and  Mechanics.   By  Michael  Reynolds. 
With  Forty-five  Illostrations  and  nvmerons  Diagrams.   Third  Edition,  Revised. 
Royal  l8mo,  3.r.  6d.  strongly  bound  for  pocket  wear. 

'   **  This  admirable  work  is  well  riited  to  accomplish  iu  object,  being  the  honest  workmanship  of  a 
competent  engineer." — Glasgvru  Hirald, 

A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  information  an  eagineF 
r»*ff«*—  deainas  of  mastering  the  scieatitic  prtnc  pies  of  hb  daily  calling  would  reauire." — Tkt  Miliar* 
**A  boon  to  those  who  are  striving  to  hecome  cffident  mechanics."— i^niXr  Ckttmklt, 
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ir^.  NUMBER'S  ¥AL(JMBLE  ENQlHEEBtHQ  BOOKS. 

The  Watei  -Supply  of  Cities  and  Toiuns. 

A  Comprehensive  Treatise  on  the  Water-supply  of 

OtTtES  AND  Towns.  By  William  H umber,  A.-M.  Inst.  C.E.,  and  M.  Inst.  M.E., 
Author  of  "Cast  and  Wrought  Iron  Bridge  Construction,"  6Lc.kc.  Tllustrated 
with  50  Double  Plates,  i  Single  Plate,  Coloured  Frontispiece,  and  upwaidi  of 
250  Woodcuts,  and  conUining  400  pages  of  Text.  Imp.  410,  £6  6/.  dcssotly 
aad  sttbatanUally  balf-bonnd  in  morocco. 

List  of  Contents, 

I.  Historical  Skktch  of  koub  of  the  mcaws  i    XIII.  DisTRinL-Tios  of  Water.— XIV.  MertES 

THAT  IIAVK  HERN  AOOFX£0  FOR  TKK  SV1>9I.V  Or         SfRVICfc    PlfKS,    AND    Hot  SK    Fl  TTlJ«r.S.  -  XV. 

Water  to  Cttikh  and  Towns.--II.  Water  and  Thk  Law  akd  Economy  or  Water  Wo«v- 
THE  FoKKit.N  Matter  csuallv  asbociatsd     XVI.  Constaiit  am©  Iktemhtteiit  Scmr.— 


WITH  IT.— ill.  RAINrALI,  AKO  fiVArORATIOJ*.— 

IV.  SraiMos  and  the  Water.brarivo  Porha- 

TIONROF  VARIOUS  DISTRICTS.— V.  MeasCREMBKT 
AMD  EsTIiIaTION         THE  Flow  OK  WaTKR.— 


XVII.  Descriptiom  or  Plates.— Arrcimieu. 
cmitG  Tables  or  Rates  or  Svmy,  Vua- 

CITIES,   &C.  TOCetHER  WITH  SkCDKA- 

TICKS  or  SRVMAL  Works  ll.Lt' ST*J(Ttt>,  «jw»c 


VI.  Om  thk  Selection  <.i    riu   Sourcf.  of  i  which  will  bk  found:  .AEf  T'iif  i  s,  Bintioio, 

Supply.  — VII.  Wki.i.s.  —  VIII    ki  servoiks.—  1  Canti;:ruury,   Dlmdce,   Haliiax,  LAMBiTM, 

I.X.  Thi   Pi  Rii  u  ATios  mi  \\  .m  m  .  — X.  I'i-mps.  i  RoTHBRHAM,  DVBLIM*  AMD  OTHEBS. 
—XI.  I't'MPiNG  Machinery.— Xll.  CoNutiis.—  i 

"The  mote  ajstematlc  En4  vahtabte  work  upon  water  snpply  hiiberto  prodoced  ?b  CDgfidi.  sriaaaf 
Other  ImnguAfe.  .  .  .  Mr.  Huinber*s  work  is  characterise  almost  throughout  by  an  cxhaujtivacM 
ttuch  more  cRitinctive  of  French  and  German  than  of  Enf^Iish  technical  Krtn\sc%."—EMe inter. 

"  We  can  congratulate  Mr.  If  umber  on  having  been  able  to  ijive  so  large  an  amount  of  infomutian  on 
a  subject  so  important  »»■  tlir  w.tter  supply  of  cuics  ;in(l  townk.  The  plates,  fifty  in  number,  arc  mostly 
drawini^'s  of  executed  works,  and  alone  would  have  comrnanded  the  BtMmtlta <»  evcffjr eaglBMr  whsil 
practK  c  ir..iy  lie  in  this  brunch  of  tnc  prolession." — Butidtr.  ** 

Oast  and  Wrought  iron  Bridge  Construction, 

A  Complete  and  Practical  Treatise  on  Cast  and 

WROUGHT  Iron  Bridge  Construction,  including  iron  Foundations.  U 
Three  Parts— TheoreticaU  Practiral,  and  Descriptive.   By  WrLLlAM  Hwbxi. 

A.-.M.  Inst.  C.F..,  anil  ^T.  Inst.  M.F,.  Third  Edition,  revised  and  much  improved, 
with  1 15  Double  Plates  (20  of  which  now  hri>t  appear  in  this  edition),  and  nomefOtti 
Additions  to  the  Text.    In  2  vols.,  imp.  4to,       t^r.      ludfbottnd  ftrinoneoek 

"  .\  very  valuable  toiitrilnition  to  the  st.-jndarci  literature  of  civil  cni^ineering.  Inadditioniu  clevatwcs 
plans,  .tntl  section*.  larKe  scale  details  arc  given,  which  very  much  enhance  the  instructive  worth  ol  iho** 
iljiistt.ti  ti^."    c'rtv/  Engineer  and  Architect's  JomttmI. 

"  Mr.  H umber's  sutely  volumes,  lately  iMUcd — in  which  the  most  important  bridces  erected  duriiic 
the  last  five  years,  under  the  direiiriOA  oftho  lal*  Mr.  BniBel,  SIr'W;  GBMtt,  Mr.'Rawkshaw,  Mr.  Pagt. 
Mr.  Fowler.  Mr.  Heniaa«»  aad  oilwn  bbmoc  our  flMtS*«aunHii.cogiaMu«,  are  dnnra  and  ^ecitei m 
(treat  datafl.*'— fivAMrr. 

Strains,  Calculation  of. 

A  Handy  Book  for  the  Calculation  of  Strains  in  Girders 

AND  SIMILAR  STRUCTURES  AND  THEIR  8TRENQTH.    Consisting  of  Fomate 

and  Corre>pon(!inc;;  Diagrams,  with  numerous  details  for  Piactical  Application,  ic. 
By  William  Humber,  A.-M.  Inst.  C.E..&C  .  F.i£Ui  Edition.  Crown  Svo,  witk 
nearly  too  Woodcuts  and  3  Plates,  7^.  Sd.  cloth. 

*' The  fornuibc  arc  neatly  exiiresM-J,  .md  the  diagrams  KOod." — Athen^um, 

"  We  heartily  commend  thu  really  /Mtuljf  beck  to  <Mur  engioeer  and  architect  reader»."— ^ftf^^ 

Baiiouj's  Strength  of  Materials,  Enlarged  by  Humber. 

A  Treatise  on  the  Strength  of  Materials;  with  Ru1« 

for  application  in  Architecture,  the  Construction  of  Suspension  Bridges,  Railway^ 
Xc.    By  Peter  Barlow,  F.R.S.    A  New  Edition,  revised  by  his  Son>.  V. 
Barlow,  F.R.S.,  and  W,  II.  Barlow,  F.R  S.  j  to  which  are  added,  Expenuieu: 

'by  Hoo6KiNsON%  Fairbairn,  and  KlRKALBV;  and  Formflilae  for  Calculating 
Girders.  &c.  Ananyed  and  Editf  I  1  v  Wm.  HrMZFR,  A.-M.  Inst.  CE,  Tkmf 
5vo,  400  pp.,  with  19  large  Plates  and  numerous  Woodcuts,  i8#.  doth. 

"Valuable  alilce  to  the  student,  tyro,  and  the  experienced  practitioner,  it irBI always IsakiB  fMR* 
Riit  h  1^  hitherto  d  )ne,  as  the  si.in<l.ird  treatise  on  that  particular  subject, "'■^aiflMerr. 

"  There  is  no  i^reater  authoniv  than  Barlow." — Building  AVwx.  .  _ 

"  As  a  srientific  work  of  the  first  cl.)s<,  it  de<^erves  a  fbf«BMMt  place  OB  fha  beoMMlm  af  CMIf 
civil  ettgiacer  and  practical  mechaaic." — Eitglish  Mechanic, 
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MR,  HUMBER'S  GREAT  WORK  OH/  MODE R IV  EmNEERING, 
Complete  ia  Four  VolttmeSi  imperial  4to,  price  £\2  ms.  haif-moroooo.  EachvolaiDe 

sold  separately  as  follows  :  — 

A  RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEERING.  First 
Series.  ComprUmg  Civil,  Mechanical,  Marine,  Hydraulic,  Railway,  Uiidgc,  and 
Other  Engineering  Works,  &c.  By  WILLIAM  Humwer,  A -M.  Inst.  C.E.,  &c. 
Imp.  4to,  with  36  Double  Plates,  drawn  to  n  latt^e  scale,  Photoj^raphic  Portrait  of 
John  Hawkshaw,  C.E.,  F.R.S.,  ^c,  and  copious  descriptive  Letterpress,  SpeciEca- 
tions,  &c.,  ^3  3;.  h«lf-morocco. 

List  of  the  Plates  and  Diagrams. 

VtCTOiitA  Station  anh  Roof,  I..  B.  &  S.  C.  R.  I  Bkidge  over  tkk  Thames.  West  Lomoon  Ex- 

<8  MJ^Tlts):  SouTHPORT  Pier  (2  plates);  Vic-  tension  RAti.iiir*v (5  plates) ;  ARKOirn  Plates : 
TORiA  St  ation  and  Rooi  ,  I..  C.  &  D.  and  St m  vnsion  Bridge.  Thames  (4  platfs);  The 
G.  W.  R  ID  )  f.ATEs* ;  R(i  CuhMiiKSK  Music  :  Allen  Engine;  Suspension  Bridge,  Avon 
Hall  :  Bi  iix.i.  om.k  C.  N.  \i\n.v,  w  ,  Rook  or  1  (3  VLATBS);  UnOBROEOUMO  JUtLWAE  (J  PLATBS). 
Station,  Dutch   Rm  xism   Rail  (2  ilates);  1 

*' HaadfOBMly  lithoKrauhed  and  printed.  It  will  find  favour  with  many  who  desire  to  pNMivtt  in  a 
permanent  iam  copic*  ot  the  pians  and  spccificatioa*  prepared  for  the  guidance  of  the  contracton  for 
fliaoy  important  cnsittMriBS  works." — Engimetr, 

HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING.  Second  Series. 
Imp.  4to,  with  36  Doable  Plates»  Photographic  Portrait  of  Robert  Stephenson^ 
C.K.,  M.P.,  F.R.S.,  andoopioin  dettriptive  Letterpress  Specifications,  &c., 
^3  y.  haif-morocco. 

List  of  trc  Platbs  and  Diaoram s. 

BiKKfNHKAD  Docks,  Low  Wati  r  Basin  (15  Mrrthyr,  TKhpr.r,AK.  and  Abergavennv  Rail- 
PLATES);  Charing  Cross  Station  K  'ok.C.C.  way;  Collkok  Wood  Viaduct,  Cornwall 
Railway  (3  plates)  ;  DioswrllViaoi  (T.  (.HI  AT  1    Railway;  Dublin  Wimkr  Palace  Roor  (3 


plates);  Brioc.r  over  the  Thames,  L.  C. 
and  D.  Railway  (6  plates);  AiacRT  Harrour, 

GrRSMOCE  (4  rLATES). 


Northern  Railway;  Robbery  Wood  Viaduct, 
Great  Northern  Railway;  Iron  PRRMANSltT 
WaV;  CkYOACM  ViADi;ctt  Msrthvr,Trri»bgar, 

AND  ABRROAVCNNY  RAILWAY}  EbBW  ViAOUCT, 

"  Mr.  Hurnbcr  h.is  done  the  profession  good  and  true  service,  by  the  fine  collection  of 
here  brought  before  the  profession  and  the  public." — Fraciical  Atechank'i  7ourTi,t/. 

NUMBER'S  PROGRESS  OF  MODERN  ENGINEERING.    THIRD  Series. 
Imp.  4to,  with  40  Double  Platen  PhoCogimphic  PortnriC  -of  J.  R.  M'Cleeai,  late 
Pres.  Inst.  ( .E.,  and  copions  descriptive  Letterpress,  SpedficatiOD%  &c.,  ^3 
haif-morocco. 

List  of  the  Plates  and  Diagrams. 

Main  Drainac.f,  Metropolis.— NoriA  Sirf*. —  plates);  Oi  tfall   Sewrb,   Rkskrvoir  and 

Map  showing    Interception    ok    Sewers;  '   Outlet  (4  plates);  Outpall  Sewer,  Filth 

MiPDLE  Level  Sewer  (2  plates);  Outtall  Hoist;  Sections  o»  Sawsas  (North  amo 

Sbwer,  Bridcb  over  River  Lea  ^  rLATEs);  South  Sides). 

Outvall  Sbwbr.  Bridcb  ova,R  Marsh  Lane,  Thames  Embambwemt.— Sbction  or  Rivbb 

North  Woolwick  Railway,  and  Bow  and  j  Wall;  Steamboat  Pisa,  WBSTMiNstaa  <a 

BARKtNG Railway JvNCTtoN ;  Outfall  Sewer,  |  plates);  Landing  Stairs  betwbbw  Charino 

Bridge  over  Buw  and    Barking    Railway  Cross  and  Watbrloo  Bridges;  York  Gate 

<j   plates);  Outfall  Sewer,  Bridge  over  fa  plates) ;  Overflow  and  Outlet  at  Savoy 

E  AST  LoSDOMVVaTERWORKS'  FkEDV  R  (2  l-I.ATKsl  ;        StkKKT    SkwKK  (3   PLATF    I  ;    STEAMUdaT  PlER, 

Oi  TFALi.  Srwer  Reservoir  (2  i-latesi  ;  Oi  t-  Watrbloo  Bhii^oe  (3  i-lad-s);  Jln«  tion  of 
KALL  SluKK.  Ti  MtiL;sG  13as  and  Ol  rr  [  t  ;  Sewers,  Plans  and  Sections;  Gillies, 
Outfall  Slwer,  Penstocks.  South  SuU  —  .  Plans,  and  SEcrioNs;  K014.INQ  Stock; 
OcTFALL    Sewer,  BbrUONDsey    Branlh   (2  I   Granite  and  Iron  PORTS. 

**  The  diawings  have  a  eonstandjr  incTeasiog  valnc^  and  whoever  desiies  to  jowaw  daar  wprsatma-' 
Oam  of  the  two  great  works  earned  oot  by  our  MetyopdUtan  BoRrd  wUF  ohtata  Mr.  Htiiiibei^s 
volume."— £'«/«W^r. 

HUMBER'S  PROGRESS  OF  MODERN  ENGINEERING.    Fourth  Series. 
Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of  John  i  uwler,  late  Pres. 
Inst.  C.E.,  and  eopiotis  descriptive  letterpress,  Specifications,  Cvic,  ^3  3.r.  half* 
mofooco. 

List  of  the  Plates  and  Diagrams. 

Abhkv  Mills  Pt  mi-ino  Station,  Main  Drain-  .  Viadk  t  ovkr  thi  Rivi  k  Wye,  Midland  Rail* 

A  .K  Mktropolis  (4  plates);  Barrow  Doc  ks  u av  (3  1  i  atksi  ;  St.  Gt  rmans  Viadict.  Cukn- 

(5  pLArf-);  Manquis  Viaduct,  Santiago  am>  wall   Kaii  wav   12   jlati  s);    Wroi  oht-Ijion 

Valparaiso  Railway  (2  plates);  Ai>am's  I.o-  !  Cvlinpfr  fdh  Duini,  Hki  l;  Millwali.  Docks 

comotive,  St.  Helen's  Canal  Railway  (2  .  (6  plates);    Milroy's  Patent  Excavator; 

plates);   Cannon    STREET    Station    Roof,  i  Metropolitan  District  Railway  (6  plates)  ; 

Charino  Cross  Railway  (3  platbs);  Road  i  Harbours,   Poets,  and  Breakwaters  (3 

Bridob  over  tnb  Rivbr  'Mora  (s  platbs);  I  platbs). 
Tbleoraphic  Apparatus  for   Mesopotamia;  ' 

"We  s^adly  welcome  another  ycirV  ««>sue  of  this  valuable  publicatinn  from  the  able  pen  of  Mr.  Hum- 
ber.  Tlie  accuracy  and  general  excellence  of  this  work  are  well  kt.  v  n.  white  iu  u*efulne*s  in  giving 
the  mesMirenients  and  details  of  some  of  the  latest  examples  of  engincertog,  as  carried  out  by  the  most 
— *  ;  juea  10  tiie  pfofessioo,  caoaot  be  loo  highly  pnaBd.*'— ^rMams. 
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Statics,  Graphic  and  Analytic. 

Graphic  and  analytic  Statics,  in  their  Practical  Application 
to  the  Trcalmem  of  Stresses  in  Roofs,  Solid  Girders.  Lattice,  Bowstring,  and 
Suspension  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  FraraeworVN.  \\f 
R.  IIi  Dsox  Gkaham,  C.E-  Containing  Piagrams  and  riate?  to  Sca'.e.  ^Vl;^ 
numerous  Examples,  many  taken  from  existing  Structures.  Specially  arranged 
for  Class'work  in  Colleges  and  Universities.  Second  Edition,  Revised  and  £b- 
lai^ed.   8vo,  i(>s.  cloth. 

"  Mr.  Graham's  book  v>  ill  fiad  aplace  wherever  giapkic  and  analytic  statick  are  used  or  studied.''— 
"  The  work  i«  csceileat  from  a  piaetical  peiot  of  view,  and  hat  cndcntly  bacs  pvepaicd  viik  noca 


caie.  Th*  directioo*  Ibr  wockinc  mr«  ample,  and  are  illuitrated  by  an  abuadaaee  of  vdl^ekcMl 
•aamplei.  It  it  an  «scclleM  tcat>aook  for  Um  practical  dn>ighuaaM,"~~AtJk£tnmm, 

Praotioal  Mathematics. 

Mathematics  for  Practical  Men:  Being  a  Common-place 

Book  of  Pure  .iml  Mixed  Mathematics.  Desio[ned  chitrily  for  the  Use  of  Civil 
Engineers,  Architects  and  Surveyors.  By  Oli.nthus  Gregory,  LL.  D.,  F.iCA.S., 
Enlarged  by  HSNRT  Law,  C.E.  Fourth  Ed.,  carefully  revised  by  J.  R.  YouKG, 
formerly  Professor  of  Mathematics.  Belfast  College.  Wiih  13  Plates,  8vo,  £1  is.  cloth. 

"The  engineer  or  architect  will  here  hnd  ready  to  hi-i  hand  nites  for  ftolviiig  nearly  every  mathcMtkal 
difltcuUy  that  may  arise  in  his  practice.  The  rulci  arc  lu  all  ca,!>es  expLuocd  by  mcana  M  caaMVlci,  in 
which  every  itep  of  the  pracoM  is  deariy  worked  out."— ^dhV^^. 

*'  One  of  the  most  nerviceable  books  for  pracdeal  meehaDics.  .  .  •  It  U  aa  tnstrtiedva  book  for  tb* 
student,  and  a  Text-book  fur  him  who.  having  once  nuMcied  tbc  tttbiects  it  treat*  of«  needs  occasuioally 
to  refresh  his  memory  upon  them." — BMMin£  ^'ewu 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  AND  FORMUL>e  for  Finding 
I  he  Discharge  of  Water  fioin  Uritices.  Notches,  Wcira,  Pipea,  and  Rivers,  With 
New  Formulae,  Tables,  and  General  Information  on  Rain-fall,  Catchment- Basins 
Drainage.  Sewernge,  Water  Supply  for  To\vn<  and  Mill  Power.  Py  }ons  Nkv;i  if. 
Civil  Engineer,  M.R.LA.  Third  Edition,  careiully  revjscd,  with  considcrat/ic 
Additions.   Numerous  Illustntions.   Crown  8vo,  14/.  cloth. 

"Alike  valuable  to  ttiidents  and  engineers  in  vr-^t^t''-*^ :  it"^  study  will  prevent  the  annoyance  -f 
avoidable  failures.  .^1)1  us$ist  them  to  select  iIk-  re.itiicst  mr.uis  of  sucvcssfully  carr)iiig  out  any  ii'.i^ 
work  -  oniK-cied  wuh  hyilr.lulic  cn^inc^nnt;,  " —  I/./.m/;;  y.  u'iiaL 

"It  i.H,  of  all  Luglish  books  on  the  subject,  the  one  nearciii  to  completeness  ....  From  iHe 
goo.l  arrangement  ot  the  m.itter,  ttic  clear  explanations  and  nl  iuui.ui oc  of  formiilz,  the  carefiiHy 
calailatod  tablet,  and.  above  all,  the  thorough  acquaintance  with  both  theory  and  construe ttoo,  wktdi  u 
displayed  fton  fiiM  to  laiti  tb«  book  will  be  rmumI  to  be  an  acqaisitioin."<— ^>v4£(liir/. 

Hydraulio9. 

HYDRAULIC  MANUAL.  Consisting  of  Working  Tables  and  Explain- 

tory  Text.    Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field  Operation?. 
By  Lewis   D'A.  Jackson,  Author  of  "Aid  to  Survey  Practice,"  "Modem 
Metrology,"  ,Scc.    Fourth  Edition,  Enlai^ed.    Lar^je  crown  8vo,  i6s.  cloth. 
"  The  author  has  had  a  wide  experience  in  hydraulic  engineering  and  has  been  a  careful  observer  rf 
the  facts  which  have  come  under  his  notice,  and  from  the  gre»t  mass  of  nutenal  at  hts  command  he  h^j. 
constructed  a  manual  which  may  be  accepted  as  a  tru»tworihy  guide  to  thisbraneh  of  the  engineer'*  pr»* 
Cession.  We  can  heartily  teconuocnd  this  volume  to  all  who  desire  to  be  acquaiaied  with  the  luat 
devdMrmeot  of  thb  importsnt  sobiect.*'— 'fssfne^/r/iiyr. 

"  "The  standard  work  in  thi*  department  of  mechanic*."— sS'rtf/Jwaw. 

"  The  most  useful  feature  of  this  work  is  its  freedom  from  what  is  superannuated,  and  its  thaieiick 
ailoption  of  recent  cM'Timeats;  the  teat  IS  in  fact  ta  great  partasboit  account  of  the  great  swdcnr 

cx^»cr^ments."— A'rt/Mrr. 

Drainage. 

On  the  Drainage  of  lands.  Towns,  and  buildings.  By 

O.  D.  Demfsev,  C.E.,  Author  of  "The  Practical  Railway  Engineer,"  ic. 
Revised,  with  laige  Additions  on  Recent  Practice  ik  Drainage  Engiwirmnc 

by  D.  KiNNEAK  Ci.ARK,  M.In^t.  C  K.,  Author  of  "Tramways:  their  Construc- 
tion and  Working,"  "  A  Manual  of  Rules,  Tables,  and  liaU  for  Mechanical 
Engineers,"  &c.  Second  Edition,  Corrected.  Fcap.  8vo,  5r.  doth. 

"The  new  matter  added  to  Mr.  Dcmpscys  excellent  work  is  charai:teriscd  bv  the  comprehea«ft 
grasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  ii  a  sufficient  voucher.' " 

*'  As  a  work  on  recent^practice  in  dtaimge  encineering,  the  book  is  to  be  commended  to  all  who  are 
making  that  branch  of  eogiaecring  sctenec  their  special  study."— /ifN.  , 
"A  comprehensive  aaaual  on  drainage  engineering,  and  a  useful  introdoctioa  to  the  snukat.' — 
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Water  Storage,  Conveyance,  and  Utilisation. 

Water  Engineering  :  A  Practical  Treatise  on  the  Measure- 
meot.  Storage,  Conveyance,  and  Utilisation  of  Water  for  the  Supply  of  Towns, 
for  Blill  Power,  mnd  for  other  Parposes.  By  Charles  Slagg.  Water  and  DndiMge 
Eaf^neer,  A.-M.Inst.C.E.,  Author  of  "Sanitary  Work  in  the  Smaller  Towns,  and 
in  Villages,"  &c.    With  numerous  Illustrations.    Crown  8vo,  'js.  (>d.  cloth. 

"  As  .1  small  pr.\clical  treatise  on  the  water  supply  of  towns,  and  o\\  sonic  applications  of  water* 
powtr,  the  work  is  in  nunv  respects  excellent.'" — Eni^itucnns. 

"The  author  has  collated  the  results  deduced  Jiom  tne  expf^riments  of  the  most  emiiient 
authorities,  and  has  presented  them  in  a  compact  and  practical  form,  accor.ip.iriii d  by  very  clear 
and  detailed  explanations.  .  .  .  The  application  of  water  as  a  motive  power  is  tre.ued  very  caretuliy 
and  exhaustively."— /iiii/rfrr. 

"  For  anyooa  who  dMires  to  begin  the  ttady  of  bydranltcs  with  a  consideration  of  the  practical 
apptieadoat  of  the  leienca  there  b  no  better  gouie.**— v(  rekiteet,  , 

fiiuer  Engineering. 

River  bars  :  The  Causes  of  their  Formation,  and  their  Treatment 
by  *'  Induced  Tidal  Scour;*'  with  a  Description  of  the  Suooearfnl  Reduction  bf 

this  Method  of  the  Bar  .it  Dublin.    By  I.  J.  MaNN,  Atdst  Eng.  tO  the  Dublin 

Port  and  Docks  Board.    Royal  8vo,  ys.  bJ.  cloth. 

**  We  recommend  all  interected  in  harbour  works — and,  indeed,  those  concerned  in  the  improvemenu 
«r  rivers  gcocnUlf— CO  read  Mr.  Maaa's  uteietiiiif  work  on  the  trMOoMnt  of  river  \ian."—Smcmnr. 

Trusses, 

Trusses  of  Wood  and  iron.  Practical  Applications  of  Science 
in  EMermining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Seantlines,  and 

Details  of  Constructioti.  With  Complete  Working  Drawliii^s.  By  \\  illiam 
Griffiths,  Surveyor,  Assistant  Master,  Tranmere  School  of  Science  and  Art* 
Oblong  8vo,  4J.  6(/.  cloth. 

**Tbis  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  ceaslmctieia  of  roof 
erasses  that  no  student  need  be  ignorant  o(  these  matters."— ^fw<«r<f/  Ettfiiutr, 

Railway  Working, 

Safe  Railway  Working  :  A  Treatise  on  Railway  Accidents, 

their  Cause  and   Preventii)n  ;    with  a  Description  of  Modern  Appliances  and 
Systems.    By  Clement  £.  Stretton.  C.E.,  Vice-President  and  Consultioe 
Engineer,  Amalgamated  Society  of  Railway  Servants.   With  Itlnstnitions  and 

Coloured  Plates.    Third  Edition,  Enlarged.   Crown  8vo,  jj,  6d.  cloth. 

**  A  book  for  the  engineer,  the  directors,  the  auoagers :  and,  ia  short,  all  who  wish  for  infortnatien' 
aa  railway  natters  will  mid  a  perfect  encyclopicdia  in  *  Safe  Railway  Working.'  "—RmHmtg^  Rtvim. 

"We  commend  the  remarks  un  r.-)ilMay  sit;n.illin^  to  atl  railway  inanagat%  especially  uriMTS  a  Uaifbra. 
<ede  and  practice  is  advocated."— //<'rir/<iM'*  Kaiiway  Journal. 

**Tha  author  nwy  be  congratulated  on  having  collected,  in  a  very  convenient  form,  much  valnable 
tafonoation  on  the  prioc^Nd  questions  affactiag  the  safe  workisg  of  railways."— i?a//tM9r  Emgimttr* 

Oblique  Bridges, 

A  PRACTICAL  AND  THEORETICAL  ESSAY  ON  OBLIQUE  BRIDGES. 
With  13  large  Plates.   By  the  late  George  Watson  Buck,  M.I.C.E.  Third 

Edition,  revised  by  hi?  Son,  J.  H.  W.\i>on  Bi  ck,  M.I.C.E.  ;  and  with  the 
addition  of  Description  to  Diagrams  fur  Facilitating  the  Construction  of  Oblique 
Bridges,  by  W.  H.  Barlow,  M.LC.E.   Royal  8vo^  tax.  doth. 

"The  standard  text*bodkfor  all  engineer*  regarding  skew  aiehes  is  Mri.  Buck's  treatise^  aad  it  would 

1)0  impoasible  to  consult  a  better."— A 

"Mr.  Buck's  treatise  is  recogniiicd  a»a»tandard  text-book,  and  his  treatment  has  divested  the  subject 
of  many  of  ihe  intricacies  supposed  to  belong  10  it.  As  a  guide  to  the  engineer  and  architect,  on  a 
confessedly  dificnlt  subject,  Mr.  Buck's  work  is  ttosurpasMd.*'— ifaMdSfi^g  AShm. 

Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS  :  A  Prac- 
tical and  Theoretical  Essiy.  By  J.  H.  Watson  Buck,  M.InstC.E.,  Resident 
Engineer,  Lot^don  and  Noith-Westem  Railway.   Ulostrated  with  Fdding  Plate*, 

royal  8vo,  12s.  cloth. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  observations  on 
the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates,  will  befouod  of 
considerable  use.    We  commend  the  book  to  the  engineering  profession." — Buiidiitg  A^rwt. 

"Will  be  regarded  by  civil  engineers  as  of  die  UttMSt  vaiuc^  and  calculated  tO  Savs  SMlch  tilM  lad 
obviau  many  mistakes."--C0//(m'  Gmandiam, 
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Student's  Text-Book  on  Surveying. 

Practical  Surveying:  a  Text-Book  for  students  preparing  for 
Kxaminations  or  for  Survey-work  in  the  Colonies.     By  George  W.  UiJU.. 
A  M  I  C.E..  Author  of  "The  Statistics  of  the  Water  Supply  of  Cireat  Btitim" 
With  4  Lithographic  Plates  and  upwards  of  330  Illu«>trauons.     Third  EditioD, 
Revised  and  Enlarged.    Including  Tables  of  Natural  Sine>,  T.irgcnts,  Secams. 
«Vc     Crown  Svo,  7^.  bd.  cloth  ;  or,  on  Tm.\  Papek,  bound  iu  ijmp  leather,  g  .: 
edge*,  rounued  corners,  for  pocket  use,  price  12/.  dd. 
"  The  bast  forms  of  iottrufoottts  are  described  as  to  their  coostniction,  oscs  and  note  of 
employment,  and  there  are  ionnmerable  haots  on  work  and  equipment  sucli  as  «be  aathor,  ia  his 
esperience  m  aarvevor,  dratigbtsman  and  teacher,  has  found  necessary,  and  which  the  stadcat  is 
his  inexperience  will  find  most  serviceable."— £iripi>m'. 

"  The  latest  treatise  in  the  EDKli»h  language  on  i>urvey{af,  and  we  have  no  hesitation  in  $a>  rii 
that  the  student  will  hnd  it  a  b<iii'  r  >!ujde  than  any  of  its  preaecessor?.  .  .  .  Deserves  to  be  rtcot- 
nised  a^-  tlic  r-i^t  b'luk  wlin^'i  ^h.rul-l  I'ui  i:i  ihi*  hands  ot  a  ;  ■  >!  C:\k  1:  r.  j ;  :>  t: r.nn;.  and  f  kfiy 
f(entU.in.)a  L<liicatiou  wtio  sets  out  tor  ilie  Colonies  wou,la  Qud  11  weii  to  i^ve  a  coj);.*^ 
AfthitttU 

Survey  Practice. 

Aid  to  Survey  Practice  :  for  Reference  in  Surveying,  Level 
line,  and  Setting^out ;  and  in  Route  Surveys  of  Travellers  by  I.and  and  S<a.  Wub 
Tables,  Illustntions,  and  Records.     By  LowiS  D'A,  Tackson.  A.M.I.C.E., 
.\uthor  of  ''Hydraulic  Manual,"  "Modem  Metrology,'  &c.    Second  Edition. 
Enlarged.   Large  croirn  Svo,  I2x.  6ti,  cloth. 

** Mr.  Jac1t«on  Hat  produced  a  valuable  vade-mfCMm  (or  the  turreyor.  We  can  «vcmnmen<1  thk look 
as conl.tinnijj;  an  .nlmirablc  Mipplenicnt  to  the  teaching  ofthe  .icconipli^hed  Mirvcyor." — .  ).•':  ■  '•»«». 

"'A«  a  text-lK>ok  we  vhoiild  .tdvisc  all  surveyors  to  place  it  in  their  libraries,  an*.  >{uay  weli  rh« 

mStlired  iti'.triK'ti        .ill  .'I.  ;■■'!  i!i  lt^  lit^;T~."     (  ( •  .v,)  r<//<t»«. 

"  The  author  brings  to  hi?>  wot*,  u  lurtiinate  union  ol  theory  and  practical  experience  which, aMi«!  L>y 

«  clear  and  lucid  style  of  %rrituig,  render*  the  booh  a  very  uacful  oas^^—Smidtr. 

Surveying,  Land  and  Marine. 

Land  and  Marine  Surveying,  in  Reference  to  the  Prcr.iration 
of  Plans  for  Roads  and  Railways ;  Canals,  Rivers,  To\^  n^'  Water  bup^>Iie» ; 
Docks  and  Harbours.  With  Description  and  Use  of  Surveying  Instruments.  6/ 
W.  Davis  Haskoll,  C.E.,  Author  of  "Bridge  and  Viaduct  Constructioiit" fe- 
Second  Edition,  Revised,  with  Additions.  Large  crown  Svo,  cloth. 
**  This  booV  must  prove  of  ^at  value  to  the  student,  we  have  no  hesitatimi  in  recomawednc  it, 
feeling  assured  that  it  will  more  than  repay  a  cardii]  study."— J/wAtKri-a/  H\nld. 

'*  A  most  iticfuJ  and  wcH  ai ranged  000k  for  the  aid  ef  a  tludeat.   We  c.th  »trong)y  reccmirerd  it  i* 
a  carefully -writ  ten  .uxJ  v,ilii.>hlf  tcxt-l  >  k.   It  ci\joys  a  well-deserved  rejr  -  i"r  .<  itim  l:  »urvey  or*.*  —  />^i.•Vrf^'• 
"Thl<^  volume  Lji.iioi  iail  to  prove  ot  the  utroott  praclital  utility.    It  iray  be  &alely  lecAituiMa^ i^r 
all  sKidcius  wh<>  aspire  to  become  dean  and  cxpcn  surveyors.*'- J/iWajr  7»ttmm4, 

Field- Book  for  Engineers. 

THE  ENGINEER'S.  MINING  SURVEYOR'S,  AND  CONTRACTORS 
Field- Book.  ConM:»ting  of  a  Series  of  Tables,  with  Rules,  ExplanaiioR»  ^ 
Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and  Plotting  the  Work  with 
minute  accuracy  by  means  of  Straight  Edge  and  Set  Square  only  :  Levelling  with 
the  Theodolite,  Casting-out  and  Reducing  Levels  to  Datum,  and  Plotting  Scctioft* 
ill  the  ordinary  manner  ;  Sctting-out  Cur%es  with  the  Theotlolite  by  Tanijentiil 
Anglesand  Multiples  with  Right  and  Left-hand  Readings  of  the  Instrument :  Setting 
out  Curve?;  without  Thciii!*  iIItc  on  tht-  System  of  T.-tiv^cnM-iI  .'\ti^If>  l)v  Sets  of!  ar- 
gents and  Offsets;  and  Latthwoik.  Tables  to  60  feet  deep,  calculated  for  ever)'  0 
inches  in  depth.  By  W.  Davis  Haskoll,  C.E.  With  numerous  WoodcetF. 
Fourth  Eriition.  Knl.iii:e<!.  Ci  iwn  Svo,  I2s.  cloth. 
■'The  book  h  very  liiu.uv  :  Un-  !«fpjr.«t(.-  t.ii-lcs  of  sines  and  tangents  to  ever^-  minute  will  tDjke -i 
ttsefiil  for  many  other  purpose*,  the  s;eniiine  tmy^T-c  t.iMt  s  i  \isting  all  the  same." — Atht:*t,rutti. 

"  Every  person  engaged  in  engineering  ficli!  <  [« t  iti  « ill  estimate  the  importance  of  sadiawTr*; 
and  the  amount  of  valii.ibic  time  winch  u  ill  he  >.t\cii  l>y  reference  to  a  set  of  reliable  lahks  pmpafo^ 
with  the  accuracy  and  fulness  of  those  gtvea  lu  this  volume."— /^4wV»m^  A'ettu. 

Leve/iing. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF  LEVELLING. 
Showing  its  Application  to  purposes  of  Railway  and  Civil  Engineering  in  llie  C<n- 
stniciion  of  Roads;  with  Mr.  Telford's  Rules  ftr  tie  same.  Py  FKErEKick 
W,  SIMMS,  E.G.S.,  M.  Inst.  C.E.  Seventh  Edition,  with  the  addition  of  Law  s 
Practical  Examples  for  Setting-out  Railway  Curves,  and  TitAiiwiNE's  Fiele 
Practice  of  L.nying-out  Circular  Curve?.  With  7  Plates  ant!  numerous  Woodcut-. 
Svo,  Sf.  6  /,  cloth.    _  \*  Trai- TWINE  on  Curves  may  be  had  separate,  yi- 

"  Thb  tcA  t  >>'k  k  on  levelling  in  most  of  our  engineering  xchooU  and  colleges.**— f«i;fMw<T. 

**  T<he  publishers  have  rendered  a  substantial  service  to  ibe  profession,  cqwciallr  to  the  yomc** 
members,  by  hringiag  out  the  precent  edition  of  Mr.  Jimau's  uieful  nwk.''—£ngmMri»^» 
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Trigonometrioai  Suiveying, 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A  TRICONO^ 

METRICAL  Survey,  for  the  Formation  of  Gerp: aphical  and  Typographical  Maps 
and  Plans,  Military  Reconnaissance,  LEVELLING,  &c.,  with  Useful  Problems, 
Formulae,  and  Tables.  By  Lieut. -General  Frome,  R.E.  Fourth  Ediiioa,  Revised 
and  partly  Re-written  hy  Major-General  Sir  Chaki  ks  Warren,  G.CLM.G.,  R.E. 

With  10  Plate=;  and  115  Woodcuts,  royal  8vo,  i6s.  cloth. 

*'The  simple  fact  that  a  fourth  ciition  h.^s  been  called  for  is  the  bo  it  testimnnv  to  its  tncrits.  No 
worci'i  rif  pra<>ic  from  us  c;iti  ^tr^•n^;tht•Il  lUv  (lo&ition  so  well  and  so  ^tc.<•!ily  inaif.i.nnci!  by  this  work. 
Sir  Charles  Warren  has  revised  the  encue  work,  and  made  luch  addiiions  as  were  necesAary  to  bfing  every 
pOftiM  of  the  oantcDts  up  lo  the  pBCicnt  d^**— Broad  Arrtm. 

Field  Fortification. 

A  TREATISE  ON  FIELD  FORTIFICATION,  The  Attack  of  Fortresses, 
Military  Mining,  and  Reconnoitring.  By  Colonel  J.  S.  Macau  LAY,  late  Professor 
of  l  orti  ficat  ion  in  the  R.  M.  A. ,  Woolwich.  Sixth  £dition,  crown  8vo^  with  sepante 
Atlas  of  12  Plates,  l2t,  cloth. 

Tunnelling. 

Practical  tunnelling.  Explaining  in  detail  the  Setting-out  o* 
the  Works,  Shaft-sinking,  and  Heading-driving,  Ranging  the  Lines  and  Levelling 
un  1' r  Ground,  Sub-Excavatiiij;,  Timbering,  and  the  Construction  of  the  Brickwoik 
ot  Tunnels,  with  the  amount  of  Labour  reouired  for,  and  llie  Cost  of,  the  various 
portions  of  the  work.  By  Frcderick  W.  Simms,  F.G.S.,  M.  Inst.  CE.  Thinl 
Edition,  Revised  and  Extctnled  by  D.  Kinnfar  Clark,  M.Inst.C.E.  Imp.  8vo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  30J.  cloth. 

"The  estimation  in  which  Mr.  Simms's  book  on  tunnel  ing  has  been  held  for  over  tnuty  years  cannot 
}(r  more  truly  expressed  th.vn  la  the-  wortK  >A  thr  l.itc  I'rotosor  K.inkiiif-  ;  -  "Ttie  best  source  of  infoniia* 
tion  on  the  Mibjcci  of  tijiiii<rls  is  Mr.  F.  W.  :^ininis's  work  on  Practtcal  Tunnelling.'*' — Arciiiect, 

"  It  )i:is  been  rci;.^riic'i  from  the  first  a\  a  text  book  of  the  subject  •  •  .  Mr.  Qark  hai  added 
immenseiy  lo  the  value  of  the  look."— £i^ihm', 

Tramwaga  and  their  Working. 

Tramways  :  Their  Construction  and  Working.  Em- 
bracing a  Comprehensive  History  of  the  System  ;  with  an  exhaustive  Analysis  of  the 
Various  Modes  of  Traction,  including  Horse  Power,  Steam,  Cable  Traction, 
Electric  Traction,  Sec  ;  a  Dcscntnion  of  the  Varieties  of  Rolling  Stock  ;  and  ample 
Detaib  of  Cost  and  Working  Expenses.  New  Edition,  Thoroughly  Revised, 
and  Including  the  Progress  recently  made  in  Tramway  Construction,  &c.  ^:c.  By 
D.  KiNNEAR  Clark,  M.Inst.  C.E.  With  numerous  Iliu&trations  and  Folding 
Plates.    In  One  Volume,  8vo,  700  pages.    Price  about  25*.  [NMrfy  ready ^ 

"  interested  in  tr.tmways  mtist  refer  to  it,  all  nilivay  eo^een have  turned  to  the  •nthor's 
work  '  Kailway  Machinery.' " — Enginetr. 

**An  exhaustive  and  practical  work  on  tramways,  in  which  the  history  of  this  kind  of  locoaotioii,aud 
a  description  nnd  cost  of  the  various  modes  of  laying  tramway*,  are  to  be  found.*' — B:nldinr  Nrmt. 

"  ?'he  best  form  of  rails,  the  best  mode  of  comtracdon,  and  the  best  iDeeheiiical  appliances,  are  u> 
fairly  indicated  ia  the  work  under  review  that  any  engineer  about  tocontttucta  tiantway  will  be  enabled 
at  onoe  to  obtain  the  practical  infonnadon  which  wiUDe  of  nott  senrioe  to  hiau''^Atktm^itm. 

Curtfee,  Tables  for  Setting-out 

Tables  or  Tangential  angles  and  Multiples  for 

Setting-out  Curves  from  5  to  200  Radius.  Hy  AirwNnrn  Beazei.ev, 
M.  InsUC.E.  Fourth  Edit ioiu  Fnnted  on  48  Cards,  and  sold  in  a  cloth  box, 
waistcoat'pocket  size,  31.  6ti* 

*'  E.^ch  t.iblc  i<  printed  on  a  small  card,  wljich,  being  placed  on  the  thcrxfolite.  leaves  the  handtfraO 
to  m.inipiil.^tc  ih',-  instrument — no  small  .nlv.int.i;^.-      rpjfard*  the  rapidity  of  work." — Emgiitttr. 

"  \'cty  h.iiKiv  :  .1  iii.iu  ni.iy  know  that  .ill  bi^  <l.<y's  ur>rk  must  (m1  OntWOOf  theM  Cardi,  whidl  he  plll^ 
Into  hi",  own  <  ird-case.  and  leaves  the  rest  behind" — Athtnaum. 

Earthwork, 

Earthwork  Tables.    Showing  the  Contents  in  Cubic  Yards  of 

Embankments,  Cuttings.  cVc,  of  Meiphts  or  Depths  up  to  an  average  of  So  feet.  By 

Joseph  Broadbent,  C.E.,  and  Ekancis  Ca.mpin,  C.E.     Crown  iivD,  5/.  cluih. 

"  The  way  in  which  accuracy  is  attabMd,  bv  a  ample  division  of  each  erwH  tecdon  into  three 
elemcitf,  two  in  which  arc  oonetant  and  one  variable,  is  ingcnioui."— j4i4«i«<mM. 
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Heat,  Expansion  by. 

Expansion  of  Structures  by  heat.  By  John  Keily,  C.E., 

late  of  the  Indian  Fubiic  Works  and  Victorian  Kail  way  Depanmcnts.  Crown  8»o, 
y.  &/.  dotlu 

Summary  of  Contents. 

Section     I.— Formi  las  ako  Data.  ,  Scctkm   VI.— Mbcha{<ical  Fobcs  or  Hbat. 

Section   II.— Mktal  Babs.  SeedMi  VlL— Wowc  or  Bxpansioh  a»o  Go«- 

Sectioo  III.— SiairL*  Fkambs*  {  tRACTION.  * 

Section  IV.— CoMrLKx  Fkahm  Aim  Plates.        Section  VIII.— Svs^Kmtaw  BfttfMW. 
Section     V     Tn  r'-M  AL  Covnt  cTiviTV.  Section     IX.  — M  AS  vxky  STR"rT!'K«S. 

"  Thc^ini  i.r-  iiihor  has  s-i  lief  ire  hitti.  viz.,  to  >hc)w  th'-  cScct*  of  heat  u^a  metallic  ud  odwr 
Strur.turc>.,  IS  A  ■All':  oiirr,  f  )r  Uns  is  a  lir.in<  of  phy'-icv  ypon  wiueil  tlM  CDgMCCr  Or  aidnMCt  W 
find  but  little  tellable  and  c  itnprcheasise  data  in  b^ks.'' — BailcUr. 

"  Whoever  is  concerned  to  know  the  efFcct  uf  changCH  of  temperature  on  such  5tructure^  as  •^u-per- 
cioo  bridges  and  the  like  could  not  do  better  than  coocuU  Mr.  Knly's  valuable  and  bandy  expoutKia  «: 
Um  goonetrieal  priveiplee  inirotwed  ia  thee*  tAmaKm.'**'-Sc9t*mm, 

tartimork.  Measurement  of. 

A  Manual  on  Earthwork.  By  Alex.  J.  S.  Graham,  CL 
With  Dumerotts  Dngrams.  Seoond  Edition.    iSmo,  %s.  6k  clotb. 

"Agre.Tt  .nni  'unt  of  pra  ti  :t!  information  very  admirably  arranged,  and  a%-ailablefor  rou^h  e«imates, 
a<;  well  as  for  the  more  exact  calculations  required  in  the  engineer's  and  contrjicior'*  officer.' —.4 ra***. 

a 

Strains  in  Ironwork. 

The  Strains  on  Structures  of  ironwork  :  with  Prac- 
tical Remarks  ou  Iron  Construction.    By  F.  W.  Sheilds,  M.  Insi.  C.t.  Stcxwi 
Edition,  with  $  PUtes.   Rofttl  Svo,  51.  cloth. 
«*  Tha  studeat  cannot  find  a  better  little  boolt  on  thia  lubject.'*— iTaipfMMr. 

€aH  Iron  and  other  Metals,  Strength  of, 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST  IRON  and 

other  Metals  Py  Thomas  Tredgold,  C.  £.  Fifth  Edition,  inclndtag  HoD6KiK> 
son's  Experimental  Researches.  Svo,  I2f.  doth. 

Oblique  Arohee, 

A  PRACTICAL  Treatise  on  the  Construction  of  Oblique 

arches.    By  John  Hart.  Thifd  Edition,  with  Plates.  Imperial  Svo^  Sr.  dotk 

Oirdere,  Strength  of. 

Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of 

Wrought  Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  Other  Estimates.  Bf 
J.  II.  Waisun  Bllk.,  M.  last,  C.E.   On  a  Sheet,  2s.  6J, 

i  ■ 

Water  Supply  and  Water-Worhe. 

A  practical  Treatise  on  the  Water  Supply  of  towns 

AND  THE  Construction  of  Water-Works.  By  W.  K.  Burton,  A.M  Iiwt  C  fc . 
Professor  of  Sanitary  Engineering  in  the  Imperial  University,  Tokyo,  Ja»tt, 

C'onsultint;  Knginoei  lo  tlic  l  -  k\  o  Waiei  \\  i  i  -  ^^  ii  'i  an  Appendix  on  WATER- 
WORKS IN  Countries  sudjegt  to  Earthquakes,  by  John  M n  se,  F.K.i-. 
Professor  of  iMuung  m  ihe  lujperial  University  of  Japan.  Wiiii  aumerous  PW" 
and  Illustrations.  [/» tkt  fna. 


Digitized  by  Google 


MARINE  ENGINEERING,  NAVIGATION,  ^c,  \, 


MABIN£  £NGIN££RING    SHIPBUILDING,  NAVIQA* 

TION,  etc. 


Pochet  Booff  for  Naual  Architects  and  Shipbuilders. 

The  Naval  Architect's  and  Shipbuilder's  pocket-book 

OF  Formula,  rules,  and  Tables,  and  Marine  Engineer's  and  Surveyor's 
Handy  Book  of  Reference.  By  Clkment  Mackrow,  Member  of  the  Instita- 
tion  of  Naval  Architects.  Naval  Draught*;m:in.  Fifth  Edi'ion,  Revised  and  En- 
Urged  to  700  pages,  with  upwards  of  300  Illustrations,  Fcap.,  12s.  dd.  strongly 
boiud  in  leather. 

Summary  of  Contents. 

Signs  and  Symbols.  Dkcimal  FaACTtONs.—  Roias  for  Boilkrs.-'Lloyd's  Weight  or 
Trioonombtv.— Practical  GsoMaTRY.—M«N-     Chains.— Lloyd's  Scantlinos  for  Ships.— 

SURATt01l.-*CBNTRSSAMDifOMBNTSOrPie«BBS.  DaTA  OF  BnOIMBB  AND  VbSSBLS.— ShiFS'  FiT> 

— IfOMBNTSOFlNSRTtAANDlUonOFGvlUTION.  TINOS  AND  TbBTS.— SSAS0Nt1%O  PRSSBRYIHO 

—  Alobbraical  Expressions  for  Simpson's  TimbRR— Mbasvrkment  of  Timber.— Alloys* 
Rules. —  Mechanical  Principles. —Chstke  Paints.  Varnisnbs.— Data  kor  Stow«gk — 
OF  Gravity.  —  Laws  of  Motion.— Dim  lac  k  Apmiraltv  Transport  Regclations  — Rules 
MENT,  Centrr  ok  Buoyancy.  —  Centki  ov  for  Horsk-power,  Screw  Propellers,  etc — 
Gravity  ok  Sun  s  H  l  ll.— Stability  Clrm  *»  Percentage-.  i.'H  liuTr  Stkai-s  i.t^  _Pauti- 
AND  MBTACh.sr8fc^.—SsA  ANH  Shallow-water  culaks  op  N'A<  iirs  Ma>,ti?<u  and  Kiuginu 
Waves. — Rolling  of  Ships.— Hriu  ulsion  and  Vessels  — Imstancks  nh  Foreign  Ports. — 
Resistance  ok  Vessels. — ^Si'Eep  Trials.—  Tonnaob  Iables.— Vocabulary  of  French 
Sailing,  Centre  of  Effort. —  Distances  and  English  Terms. — English  Weights  ano 
1>0WN  Rivers,  Coast  LiNXS.-^STBasiNO  and  Mr*SURBS.—Fokkigv  Wfights  and  Measures. 
RUOOBRS  of  VbSSKLS.— LaDNCHINO  CaLCOLA-  ••OBCIUALBgVIvALK.VTs.^FoHitlON  .Money.— 

TioNB  and  VBLOCiTtss.— Wxiort  ofMatbbial  DISCOUNT  AND  Wace  Tablbs.— U skful  NuA* 

A«n  Gran.— Gun  pARTtcoLASs  and  Wright.  bbrs  and   Rsady  Reckonsrs. — Tables  or 

—  SrASDARD  Gauges.— Riveted  Joints  ako  Circular  Measures. -Tablbs  OF  Areas  OF 
KivEfiNG.  —  Strength  and  Tests  of  Mate-  and  Circlmfbrences  of  Circlb*.— Tables  of 

BI  M. -.  HlNDlNO  AND  SHKAKIsr,  StkI  s-^FS,  etc.  AREAS  OF  SbOM  EN  T  S  OK  Cl  R  (  1- P —  T  M :  l,f  s  OF 
— ^StKENOTII    of   ShaITINU,  PlLLAKs.  W'Ht  KLS,         SQUARES  AND  Cl'BES  AND  KuOIr^Ol^  NuMJ.liKS. 

ETC.  —  Hydhai  lic  Data,  etc.  — Ci'Ni>    .Se<  •         rAiu  K>    ok    Lo  -ak  ihms    m  Numbers.— 

tions.    Catenakian    Curves,  —  Mkc  hasical  Tables  of  Hyi  krv.mlk  Lor, \ki  rHMs.—TADLES 

Powers,  Work.— Board  of  Trade   IvKr.uLA-  op  Natural  Sinks,  I  vnoests.  htt. — Tables 

TtoNs  FOR  Boilers  and  Engines.— Boaru  of  of  LocARiTMMic  biKKs.  Iangenxs.  ktc. 
Trade  Regulations  for  Shifs. ->  Lloyd's 

"  In  tlu -if  d.iys  of  a  lvanced  knowledce  a  work  Ukf  this  is  of  the  >jrcitest  value.  It  c  j;itain  ;  a 
vast  aiiiuunt  of  inforrniition.  We  unhe«it.iiin^ly  s.iy  tli.tt  it  is  the  tuoitt  v.iluable  compiiaiion  for  its 
specitic  purpose  that  has  cvci  b<  c  n  pi  iiucd.  No  naval  architect,  engineer,  surveyofi  OT  SSamsni 
wood  or  iron  shipbuilder,  can  aftord  to  be  without  tbis  work."— Ndu/tVoi  iJaganne. 

"Should  be  us-d  hy  all  who  arc  engaged  in  the  construction  or  design  of  veMch.  .  .  .  Wdl  be 
found  to  contain  the  most  useful  tablet  and  formaUe  rsquired  by  «.hipbuilders,  carefully  collected  fronv. 
the  best  authorities,  and  put  together  in  a  po|Hilsr  and  simple  furru.'  -EHt^inft-r. 

"  llie  iNGfcssional  sbipbuilder  has  notr,  in  a  coovenieni  andacceMtble  form,  relisble  diiu  for  solvin]{ 
m$»j  of  the  nuoieronff  i»roVlemt  ttuit  present  themaelYeft  in  the  course  of  his  work.**— /r»«I 

"There  It  no  doubt  that  a  pocket-book  of  this  description  mast  be  a  necessity  in  the  shipbaildins 
trade. .  .*.  The  volume  contains  a  mass  of  useful  informatioa  clearly  expressed  and  presented  In  a 
handy  forni."— If  ariN«  Ettgimtr. 

Marine  engineering. 

Marine  Engines  and  Steam  Vessels:  a  Treatise  on.  By 

Robert  Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with  considerable 
Additions  by  the  Author  and  by  George  Carlisle,  C.E.,  Senior  Sarveyor  to  the 
Board  of  Trade  at  Liverpool.    i2mo,  5.r.  cloth  boards. 

**  Wen  adapted  to  give  the  younestesmship  engineer  or  marine  engine  and  boiler  maket  a  general 
introduction  into  his  pr.i  tirMi  work.  '^}fi\  hanital  World. 

"  We  feci  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  in  the  futuie 
as  it  has  b< .  ti  in  the  p«st»as»l6r  Us  sise,  it  contains  more  usefol  ioloriDatioa  than  any  simii^ 

treatise."— /n;ii<s,'r(V5. 

;\s  a  compenJious  and  usefjl  i;ui<le  to  engineers «f  otir  mercaoiile Bod roysl naval  senrices»we 

should  say  it  citinot  be  surpassc'd." — tiuuUtnf;  Nrw^. 

"The  information  given  is  both  sf'und  and  sensible,  and  well  qualihed  to  diri^ct  yo  uii;  -ea-going 
hands  on  the  straight  road  to  the  extra  chief 's  certifacate.  ,  .  .  Most  useful  to  ^ui  vcyot  s.inspectors^ 
draughtsmen,  and  all  young  engineers  who  take  an  interest  in  their  profession."— G/ii  ^s''  <0.J?rfBM. 

"  An  indispensable  manaal  for  tlie  student  of  marine  eogioeeriag."— L»«rpooi  Mtnury. 

Eieotrio  Lighting  of  Siiipa, 

Electric  ship  Lighting  :  a  Handbook  on  the  Piactical  Fitting 

nnd  Rur.ninrr  of  .Shij>'s  Elcclrici.l  Phnf,  f  >r  ilie  Use  of  Shipowners  and  Builders, 
Marme  Electricians  and  Sea-going  toguiecrs  in  Charge.  By  J.  W.  UJltjUHART, 
Author  of  **  Electric  Light."  "  Dynmio  Construction,"  &c.  With  nunerout  Illus» 
tntions.  Crown  Bvo,  7/.  cloth. 
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Pocket  Book  for  Marine  Engineers. 

A  POCKET-BOOK  OF  USEFUL  TABLES  AND  FORMULA  FOR 
MARINE  Enoineers.    Bf  FftANK  PROCTOR,  A.I.N.A.   Thiid  EdUum.  Ko|il 

32mo,  leather,  ^i't  <-<^^'iies,  with  strap,  4s. 
"  Wc  recommeaa  it  10  our  readers  as  going  far  to  nipply  » long-fcU  want,"— .VrftW  Scitmc*. 
"  A  oMMt  uicful  ooapaoioa  to  all  mariae  tittflnttr».''—VmUid Strviof  GMHif. 

introduction  to  Marine  Engineering. 

Elementary  Engineering  :  A  Manual  for  Young  Maiioe 

Engineers  and  Apprentices.  In  the  Fonn  of  Questiont  and  Answers  on  Metals, 
Alloys,  Strengtli  of  Materials,  Construction  and  Management  of  Marine  Engines 
and  Boilers,  Geometry,  &.c.  SiC  With  an  Appendix  of  U&ci'ai  Tables.  By  Joe.n 
SHRRRKN  Brewer,  Government  Marine  Sorveyor,  Hongkong.   Second  E^ytioa, 

Revised,  small  crown  8\  <>,  2s.  cloth. 
'*  Contains  much  valuable  information  for  the  class  for  whom  it  is  inteuded,  especially  in  tb« 
chapters  on  the  manaRemeni  of  boilers  and  enginr^;.  " — Sautical  MagasiHt, 
"A  a!Msfnl  introduction  to  the  more  eUborate  taxt  booka.'' — Scottmam. 

**Toa  student  who  has  the  requisite  dusire  and  reaolve  to  attain  a  thoroiigb  knowladfe, Mt. 
B'-ewar  offer*  decidedly  uiefol  help."— aiA^Mnun. 

Naoigation. 

PRACTICAL  NAVIGATION.    Consisting  of  The  Sailor's  Sea^Book, 

by  Jamf.s  Grkknwood  and  \V.  H.  Kosser;  to<jether  with  the  requisite  Mathf 
matical  and  Nautical  1  abies  for  the  Working  of  the  Problems,  by  Henry  Law, 
C.E.,  and  Professor  j.  R.  Young.   Illustrate.    lamo,  7/.  strongly  Imlf^boond. 

Drawing  for  Marine  Engineers. 

LOCKIES  MARINE  ENGINEER'S  DRAWING-BOOK.  Adapted  to 
the  Requirements  of  the  Boird  of  Trade  Examinations.  Bjr  John'  LocKli, 
C.E.   With  82  Plates,  Drawn  to  Scale.    Royal  8vo,  3/.  6</.  cloth. 

"  T\\f  student  whd  leanis  from  thesa  drairin^  will  have  nothing  to  wiAtvwL.*' —Emgimetr, 
"The  e«aiuplea  chouM  ar«  eawntiallf  practical,  aod  a>« Mf.h as  thottid pvove of acnnce  to e^ginem 
.goneially,  while  adnirably  futfilUng  ch«ur  tp«cilic  purpuae."~Jf4rr4«iriMi/  W^rU, 

Saitmaking, 

THE  ART  AND  SCIENCE  OF  SaiLMAKINQ.  By  Samuel  B.  Sadles, 

Practical  Sailmaker,  late  in  the  employment  of  Mcs'ir^;  Ratscy  nnd  Laptliome, 
ol  Cowes  and  Gosport.  With  Plates  and  other  Illustrations,  bmali  410,  xzx.  6^. 
cloth. 

Summary  of  Contents. 

Chaf.  1.  Tmb  MATSaiALS  usrn  and  THStft  1  —VI.  On  Ali-owances.— VII.  Calci  LATros  or 

■Ri  tATioK  TO  SAtM.— II.  On  THF  Ckntke  ot  \  Goacs.  —  VIII.  Oh  C't  tTiNti  Oi  t.—  I.\  0» 

1.1  FORT. -Ill-  On  MsikauRiiie.— IV.  On  Draw-  ,  Roping. »X.  On  Diaconau-Cct  Saic&.— XL 

iNvi.  -  V.  On  the  Numbkr  ov  Clotks  skquirbp.  ■  CoKCLUDiHO  Remanks. 

"Thisw<irk  IS  very  *hly  written,  and  is  i  !    ■  j>\  iil.ii;i.jm«  and  c:trcfiiny  w   rLc  !    jI.ti  itior? 

Tht  work  should  be  m  the  hand*  of  every  r.  >k'liciher  employer  or  empl  -ycd,  .^s  u  cauu^.i  t<ul  to 

a, .1*1  them  in  the  pursuit  of  their  important  avo  .ui  i si >."—/*/.•  of  \Vight  /frralt. 

"Thi-s  extremely  practical  work  gives  a  complete  education  in  ail  the  branches  of  the  maoufacuvv, 
cnitiuK  roping,  seaminc.  and  gonng.  It  ti  copiously  Ulttstiated,  and  will  fonn  a  fini-raic  wnAtrnk 
Mild  guide."— Timts» 

"The  author  of  this  work  has  rendered  a  diktinct  service  to  all  interested  in  the  art  of  sailmak>rt 
T*i<^  subject  of  which  he  treats  is  a  eongeoial  one.   Mr.  Sadler  is  a  praclKsl  sailmaker.  and  has  devoted 
ycar!>  of  careful  obiervadon  and  study  lo  the  subject ;  and  the  results  of  the  espericnce  thus  gaioert  he 
has  set  Ibith  in  the  volume  before  us.**— .f/#i«Mi«A(>. 

Chain  Cables, 

Chain  Cables  and  Chains.    Comprising  Sizes  and  r  ; -s  ot 

LinVs.  Studs.  I'tc.  Iron  for  Cables  and  Chains.  (7hain  C:il>lc  and  t  hain  Making, 
Forming  and  Weldmg  Links,  Strength  of  Cables  and  Chains,  Certificates  for 
Cables.  Marking  Cables,  Prices  of  Chain  Cables  and  Chains,  Historical  Notes, 
Acl'^  of  Parliament,  Statutory  Test-;,  Charges  for  Testing,  List  of  Manufacturers  of 
Cables,  &c.  &c.  By  TiiOMAS  W.  Traill,  F.E  K.N.,  M.ln*t.C.E,,  Engineer- 
Surveyor-in-Chier,  B<Mird  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Ptovinf 
Establishments,  an<l  ncMural  Superintendent.  Lloyd's  Conmiiitee  on  Provmg 
Establishments.  With  numerous  Tables,  Illustrations,  and  Lithographic  Drawiqgs. 
Folio,  £2  2t.  cloth,  bevelled  boards. 

'*lt  contains  a  vast  amouiu  of  valuable  information.  Nothing  seems  to  be  «tatill(  lo  fnke  it  n OOB* 
plete  and  standaid  wark  of  refereace  on  the  subject.  '''-Nmutumi  Mt^aaimt. 
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Mining  Machinery, 

Machinery  for  Metalliferous  mines  :  A  Practical  Treatise 

for  Mining  Engineers,  Metallurgists  and  Managers  of  Mines.     By  K.  Hbnry 

Davils,  M.E.,  F.G.S.  Crown 8vo,  580  pp.,  with  apwanUof  300  Illustrations. 
1 2x.  6d.  cloth.  17*"'  published. 

'*  Iff.  Davie s,  in  this  hamdtone  Tolunet      d<w*  th»  advMiccd  studtnt  mkI  the  annanr  of  miiiM  ' 
^■^>)<i  s«rvire    Almost  every  kind  of  micbincvy  ill  acliul  luc  ii  caidUlljr  dcscribedt  and  chc  woo<leuts 
•     plntcs.iic  Rood." — Alkffurum. 

'  I  f'  tn  covrr  to  cover  ihc  wDrk  exhibits  all  the  same  iharicteri»tics  which  excite  the  c  mfi  I  ence 
.«(,d  atM.Kt  ihe  attenfton  of  ihc  Mudciu  as  he  peruse*  the  first  p^se.  The  work  may  safely  be  recom- 
mende  !.  Hy  its  p  iLlicati' n  the  literature  connected  witll  the  industry  will  be  enricliad,  and  llw 
rcputatioB  of  it»  author  eohanccl." — Miming  Jotirnat. 

*'  Mr.  Davies  has  endeavoured  to  bring  before  his  readers  the  best  of  everythint;  in  modem  mining 
appliances.  His  work  carries  interna!  evidence  of  the  author'*  iinpanuility,  mod  this  constitutes  ooe 
cf  the  great  merits  of  the  book.  'J'hrou);hout  his  work  the  critictsiiM  an  bated  «ntatf  OWflOr  Other 
reliabte  experience."— tmdSUri  Tradts*  ycmrnat, 

"The  «ork  deals  with  nearly  every  clais  of  machtiiery  or  apparattts  likely  to  be  met  with  or 
rr  lire  { in  connection  with  metaUiferolU  tniniiWt  and  i*  ooe  whkb  we  have  every  conMeaee  in  lecont- 
nKudm^  ** — Pratticai  Engimnr. 

"  Invaluable  to  mining  engine««»  nel4ll«i«xist»,  and  nine  m»MWV**^Tkt  Miming  Jtrvitw., 
J^*ivfr,  G'/<»r<K/f,  U.S.A. 

Metalliferous  Minerals  and  Mining. 

A  TREATISE  ON    METALLIFEROUS   MINERALS  AND  MINING. 

By  I).  C.  Davies,  F.G.S. ,  Mini^  Engineer,  &c.,  Author  of  **  A  Treatise  on  Slate 
antl  Slate  Qu.nrryinj^  '  I- ifth  E<lition,  Uiorouphly  Revised  and  iiiuch  Enlarged, 
by  his  Son,  E.  He.nrv  Daviks,  M.L.,  i-.G.S.  With  about  150  Illustrations. 
Crown  8vo,  \2s.  (ni  cloth. 
' '  Neither  the  practical  miner  nor  the  scleral  reader,  inicretted  in  mineSi  can  have  a  better  book  for 
his  companion  and  his  guide.**— jpmrmai. 

"We  are  doing  our  readers  a  service  in  calling  their  attention  to  thia  valuable  work."  -  AfimiH^  li'  rjj, 
"  A  book  that  will  not  only  be  useful  to  the  geologist,  the  practical  miner,  and  the  metallurgist  ;  t)ut 
also  vpry  interesting  to  the  general  public.'" — Iron. 

*'  h-  a.  history  of  the  present  sute  of  miniog  throughout  the  world  this  book  has  a  real  value,  and  it 
~  ppUcs  an  actual  want."— ^/-I*»»i»i/»»t. 

Earthy  Minerais  and  Mining. 

A  TREATISE  ON  EARTHY  AND  OTHER  MINERALS  AND  MINING. 
By  D.  C.  Davies,  F.li.S.,  Author  of  •* Melalhfcrous  .Minerals,"  &c  Third 
Edition,  Revised  and  Enlarged,  by  his  Son,  £.  Hbnry  Daviks,  M.B.,  F.G.S. 
With  about  100  lUusts.  Crown  Svo,  12s.  bd.  cloth. 
"  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains  the  same 
amount  of  information  packed  in  equally  convenient  form." — Academy. 

"  We  should  be  inclined  to  rank  it  as  amonjt  the  very  best  of  the  handy  technical  and  tradea 
maiiale  which  have  vecently  appealed.**— ;5rff/«A  Qmarttrfy  Jt^rarw, 

MetatfiferottS  Mining  in  the  ignited  Kingdom. 

BRITISH  Mining  :  A  Treatise  on  the  History,  Discovery,  Practical 

Development,  and  Future  Pro<;pects  of  Mct.il'iferous  Mines  in  the  United  Kingdom. 
Hy  Robert  Hunt,  F.K.S.,  Keeper  of  Mining  Records  ;  Editor  of  *'  Ure  s  Dic- 
tionary of  Arts,  Mannfactures,  and  Mines,"  &c.    Upwards  of  950  pp.,  with  230 
Illustrations.    Second  Edition,  Revised.    Super-royal  Svo,  jCz  zs.  cluth. 
"  One  of  the  most  valuable  works  of  reference  of  modern  times.    Mr.  Hunt,  as  Keeper  of  Miniog 
Records  of  the  United  Kingdom,  hashed  opportunities  for  such  a  ta>k  not  enjoyed  by  anyone  else,  ana 
has  evidently  made  tha  most  of  them.   .   .    •   The  language  and  style  adopted  are  good,  anu  the  treat- 
cnent  of  the  various  snblecte laberioas.  conscientious,  and  scientific.*'~£'ji|f»MMrr'tv. 

**  The  book  is,  in  net,  a  treaMue^house  of  statistical  information  on  mining  subjects,  and  wc  know 
of  no  other  work  embodying  so  great  n  mass  of  matter  of  thu  kind.  Were  tms  the  only  merit  of  Mr. 
Hunt's  volume  it  would  be  sufficient  to  tender  it  indu^nsable  in  the  library  of  everyone  inteietted  in  the 
<jevelopment  of  the  mining  and  metallurgical  industries  of  this  country." — AthrMutn. 

'•  A  mass  of  iiifMrmation  not  elsewhere  .nv.nlahle,  and  of  the  greatest  value  10  thMOtrho  may  be  In- 
tef^t^  !  in  our  jjri^at  mineral  industries."— A«fj«<'^/'. 

UnUe/gtound  Pumping  Machinery, 

MINE  DRAINAGE :  Being  a  Complete  and  Practical  Treatise  on 

Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a  Description  of  a 
large  number  of  the  be«;t  known  Entwines,  their  General  Utility  and  the  Special  S^^htre 
of  their  AcUon.  the  Mode  of  their  Application,  and  their  merits  compareu  with 
other  forms  of  Pumping  Machinery.    By  Stephen  Michkll.   Svo,  15/.  doth. 
"  Wdl  be  highly  esteemed  by  colliery  owners  and  lessees,  mining  engineers,  and  students  genorally 
who  vequtte  m  be  acquainted  with  the  best  means  of  securing  the  drainage  of  mines.  Tt  is  a  most  valu- 
able work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machinery  "    -  >///V-r>-  Cu  irJiau. 

**  Much  valuable  information  is  given,  so  that  the  book  is  thoroughly  worthy  of  oo  extensive  circu* 
atioa  amoBgit  piaotical  mn.  and  pttichaeen  of  wsffhineTy.**-*4fiWa|r  flmmmit 


Digitized  by  Google 


ao 


CROSBY  LOCKWOQD  6*  SON'S  CATALOGUE, 


Pfvspeeting  for  6oid  ana  other  Metata. 

THE  PROSPECTOR'S  HANDBOOK  :  A  Guide  for  the  Prospectof 

and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals.  By  J.  W- 
Andekson,  M.A.  {Canib. ),  F.R.G.S.,  Author  of  "Fiji  and  New  Caledonia." 
Fifth  Edition,  thoroughly  Revised  and  Enlarged.    Small  crown  Svo,  y.6d.  doib. 

"  Will  supply  a  much  felt  want,  especially  amonf  Colon=»t5,  in  whose  way  ate f o  ofte»  thnywa  maf 
taiaefalogical  tpcctnicaa  the  value  of  which  it  it  diffiotU  to  4M€ttBia€»'*'^£^gimetr, 

**  How  to  niul  eomncreial  mineral*,  and  how  to  Meotiry  theu  whco  they  are  found,  are  kadhf 

points  I'l  which  atteittion  is  directed.  The  author  ha«  managed  to  pack  as  much  pracacal dcta3 IMO M 
pagrs  as  would  supply  material  for  a  book  Uucc  bwc»  lU  size." — Misu'ttjc  jounuU, 

Mining  Notes  and  Formu/ce. 

NOTES  AND  FORMUL>E  FOR  MINING  STUDENTS.  By  JOHX 
Hekman  Merivale,  M.A.,  CerUftcat«d  Colliery  Manager,  Pxofessor  of  Mining  n 

the  Durham  College  of  Science,  Newcastle-upon-Tyne.    Third  £diti<Ni»  ReVMCd 

and  Knlarged.    Small  crown  Svo,  2s.  6if.  clnfh. 

"  Invaluable  to  anyone  who  is  wurWing  up  for  an  examination  on  mining  iiubjecls." — C<KlJ  /rtn  and 
Trafie^'  Rfvi,:t<, 

"  The  author  has  done  hu  work  in  ao  exceediogly  crediuble  manner,  and  hasprodaced  a  botk 
that  will  be  of  lenrice  to  atudeati,  and  those  who  ate  ^tactically  cnfaged  in  mbamf  opeffaiieai.'*— 

Enginrfr. 

Handybook  for  Miners. 

The  MINER'S  Handbook  :  a  Hmulybook  of  Reference  on  t!ir 
subjects  of  Mineral  Deposits,  Mining  Operations,  Ore  Dressing,  t^c.  For  the  U$c 
of  Students  and  others  interested  in  Mfaiiug  raatterr.    Compiled  by  Johw 

Milne.  F.R.S.,  Professor  of  Mimng  in  (be  Imperial  University  of  Japar.. 
Square  iSmo,       6</.  cloth.  [j":/ :f  /ut>Hjh,d. 

"  ProfeMor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with  lauunf*  tad 
will  be  extiemeijr  popular  amoaf  studeata,"— ^UtoMnmr. 

Minm'  ami  tfetatfyrgista'  Poeket-Book, 

A  POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS.  Com- 
prising Rules,  Formula:,  Tables,  and  Nutcs,  for  Use  in  Field  and  Office  Work. 
By  F.  Dan  VERS  Power,  F.G.S.,  M.E.    Fcap.  8vo,  9^.  leather,  gilt  edges. 

*'Thia  excellent  book  is  an  admirable  example  of  its  kind,  and  ought  to  find  a  laige  aale  awwfia 
English-speakioK  prospectors  and  mining  engtaeers." — Engint$ritiit' 

"  Miners  and  meullurgists  will  find  in  this  work  a  useful  Mtf^sernrjit  coatainiaga  mas<(  of  ratty, 
formula:,  tables,  and  various  Other  information,  the  ncoesiity  for  fefexence  to  whidt  OCCQiv  in  theu  dauj; 
*l»itiei.'— /wt. 

Mineral  Surueifing  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE  GUIDE. 

Com: > rising  a  Treatise  on  Improved  Mining  Surveying    and  the  Vaiuati  n 
Mining  i'ropertics,  with  New  Traverse  1  ables.  By  Wm.  Lint&rn.   Third  iidilioa. 
Enlarged,    tsmoi  4J.  cloth. 

'*  Mr.  Lintem's  hook  fofiDa  a  valuable  and  thoroughly  tniMwortby  guide."<— /trvM  Mid  Csmt  T*»di»* 

Aebeatoe  and  Us  Uses. 

ASBESTOS  :    Its  Properties,  Occurrence,  and   Uses.     With  some 
Account  of  the  Mines  of  Italy  and  Canada.   By  Robert  H.  Jones.    With  £4^t 
Collotype  Plates  and  other  lUustrations.   Crown  Svo,  12s.  6d.  doth. 
**  An  interesting  and  invaluable  work."--CdWMy  GtuirdUm. 

Lxplosiues. 

A  HANDBOOK  ON  MODERN  EXPLOSIVES.    Being  a  Practical 

Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun-Cotton,  Nitro- 
Glyceiine  and  otlier  I'.xplosivc  Compounds.  Including  the  NTrinufncture  of 
Collodion-Cotton.  By  M.  Kis>i.kk,  ^Ilnlng  Engineer  and  Metallurgical  Chemist, 
Author  of  «'The  Metallurgy  of  Gold,"  "  The  Metalluigy  of  SUw,"  &c  Wtb 
about  100  Illustrations.    CroA^ii  Svo,  los.  6d.  cloth. 

**  Useful  not  only  to  the  miner,  but  also  to  ofBcers  of  both  services  to  whom  blattiag  aad  di« 
nee  of  exi^lnsivr   Rcnerally  may  at  any  time  become  a  necessary  auxiliary."— iVa/wre. 

"  A  ve;  iiaixe  mine  of  informaiion  on  th*^  subject  of  explosives  employed  for  inil.iai7,intni*^g  asd 
Uistitig  purp<^:k< a."'-  Atmjf  «mt  liavy  GautU, 
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Colliery  Management 

The  Colliery  Manager's  Handbook  :   A  Comprehensive 

Treatise  on  the  Laying>out  and  Working  of  Collieries,  l>esigned  as  a  Book  of 
ReTerence  for  Colliery  Managers,  and  for  the  Use  of  Ooal-Minin^  Students  pre- 
paring for  Kirst-class  Certiticates.  By  CALEB  PamklY,  Mining  En<;ineer  and 
Surveyor;  Member  of  the  North  of  Knt^land  Institute  of  Mining  and  Mechanical 
Engineers :  and  Member  of  the  Suulh  Wales  institute  of  Mining  En^neers. 
With  nearly  500  Plans,  Diagrams,  and  other  Illustrations.  Second  Edition, 
Kevised,  with  Additions,  mediunn  8vo,  about  700  pp.  Price  £l  $s,  strongly  boand. 

Summary  of  Contents, 

<3eolocv.  On  I  hk  Frictioji  or  Air  ih  Mines. 

Se\hh  kor  Co\t..  Ttu  ri-itsiMAN  Oil  Encihb;  Pbtrolbvu  ak d 

MiM  HAi,  Li  AM  s  Asn  oTiirK  Holdings.  ;       N\ii  i  vr  G\-.. 

irH       1    Si  N  KI  N  ■  . .  SlH\  K  •>  ISl.   AM>  Pt.ANMS'i 

!-!iMNu   b>   IHK  Shaft  and  Sukfack   Ar-      SAi^Krv  Lawp^  hub  Kirb-Damp  Detbctor*. 

SUNI>RY  AN II  iNCtDKNTAL  OPKItATIONS  AND  AT- 
PLIAACBS. 


CoLLtBRY  Explosions. 

UlSCBLLANBOUS  QOSSTIONS  ANI>  AnSWIKS. 

App*nii* :  SvttMAar  or  RsroBT  op  II.M.  Com- 

MISStONBXS  OM  ACCIDBMTS  IN  MiNBS. 


HANGKMEWTb. 
•^TPAM  BOILKRS  AMD  THEIR  FlTTINOS. 
1  :  ri  ERISO  KUD  WaLUMO. 

N  ARROW  WOKK  AMD  MbtNODS  OF  WOBBIVO. 

L  sonoftovND  Comvbvancb. 

UHAIMAGB. 

Ttts  Gasbs  met  vrrN  in  Mines  ;  Vkntilatiom. 

*«*  Opinions  of  the  Press. 

•*  Mr.  Pameljr  has  not  only  s^iven  us  a  comprehensive  reference  book  of  a  very  high  ordei. 
suitable  to  the  requiremeots  ot  oiiaiot;  engineers  and  colliery  managers,  but  at  the  saute  time  has 
provided  mioiag  fttiulMiU  with  a  claM*book  that  is  ss  imerssting  as  it  is  instructive."— Coi'tny 

Managtr. 

"Mr.  P  im<-Iv's  work  is  eminently  suited  to  ihc  purport.-  for  which  it  is  intended— being  cleir,  rirr-r- 
csting,  cxhau»live»  rich  to  detail,  and  up  to  date,  giving  descnptiotu  of  the  vcty  latest  machines  in  every 
«icpartment.  ...  A  mining  «Bgiiwer  could  acsKely  go  wroof  who  fellewed  thui  work."— C#/£Sr»3f 
Ouarttiam. 

*' This  is  the  most  complete  *aU<round  *  work  on  ccal-mining  publiihad  IN  the  Edglish  lanKuage.  .  «  . 
ito  librarjr  of  coal'iaiiuac  books  Is  oooiplete  without  it  "— Coliierjr  Smjimttr  (Scfameilf  Pa..  U.S.  A.)- 

**  Mr.  Pamela's  work  it  in  nil  nspecu  worthy  of  our  adfnnadm*  No  pertsa  in  any  responaibtfc 
^dtion  connected  with  mines  should  be  wtthoai  a  ooiqr."-  iVtttmimttir  Rtvim, 

Coal  and  Iron. 

The  Coal  and  Iron  Industries  of  the  United  Kingdom. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of  Coal, 
with  Returns  of  their  Produce  and  Its  Distribution,  and  Analyses  of  Special  Varie- 
'tie>.  ALo,  an  Account  of  the  occurrence  of  Iron  Ores  in  Vein>  or  Seams*  ;  Analyses 
of  each  Variety  ;  and  a  History  of  the  Rise  and  i'rogress  of  Tig  Iron  Manufacture. 
By  Richard  Mbadb,  Assistant  Keeper  of  Mimng  Records.  With  Haps  Svo, 
£  I  8j.  cloth. 

\'  The  book  is  one  which  muat  find  a  place  on  the  shelves  of  all  interested  in  coal  and  iron  pcoducttout 
nad  in  the  iran,  steel,  nnd  other  metallurgical  industries.  "—iTa^'uMW. 

*'  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met.  .  .  . 
A  book  of  reference  which  no  one  engaged  ui  the  iion  or  coal  trades  should  omit  from  his  library." — Ircm 
.  «nd  C«at  Trades'  K«»Um» 

4)oal  Mining, 

Coal  and  Coal  Mining,  A  Rudimentary  Treatise  on.  Br  the 
late  Sir  Warincton  W.  Smy  i  h,  M.A.,  F.R.S.,  &c..  Chief  Inspector  o^  the  Mines 
of  the  Crown.  Seventh  Edition,  RevUed  and  Enlarged.  With  numerous  Illus- 
trations, i2mo,  4J-.  cloth  boards. 
"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the  principal 
wedwds  ef  woridiig,  the  book  will  doubdew  iatcfest  a  very  bufe  number  of  reeden." — Minimf  JtunuU, 

SubterroMOua  Surveying, 

Subterraneous  surveying,  Elementary  and  Practical  Treatise 

on  :  with  and  without  the  M.aj^netic  NeoUe.  By  THOMAS  Fenwick,  Surveyor  of 
Mines,  and  THOMAi>  BAKER,  C.£.   Illustrated.    lamo,  ^.  cloth  boards. 

Cranite  Quarrying. 

Granites   and   our   Granite    industries.    By  George 

F.  Harris,  F.G.S.,  Membre  de  la  Socicte  Beige  de  Geologie,  Lecturer  on 
Economic  Geology  at  the  Birkbeck  Instttntioii,  &c  With  lUttstiatioas.  Crown 
8vo,  2s.  (><i.  cloth. 

■*A  clearly  and  well-written  manual  for  persons  engaged  or  interested  in  the  granite  industry."— 

"  An  interesting;  work,  which  will  be  deservedly  esteemed      Colhery  Guardian. 
"  An  excecciini^ly  interesting  and  valuable  monohcr.iph  on  a  <iubject  which  has  liitherto  received 
^inaccountabiy  little  attention  in  the  shape  of  systematic  literary  ueAimeat."—Sc<ahfh  Ltadtr. 
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OoM,  MetaUurgy  of. 

THE   METALLURGY   OF   GOLD :   A  Practical  Treatise  <m  the 

Metallurgical  Treatment  of  Gold-bearing  Ores.  Including  the  Proces5ie5  of  Concen 
tration  and  Chlorination,  and  the  Assaying,  Melting,  and  Refining  of  Lpoid.     By  M. 
ElSsi.F.R,  Mining  Engineer  and  Metallurgical  Chemist,  formerly  Assistant  A-^^vct 
of  the  U.S.  Mint.  San  Frnncisco.    Third  Kdition,  KeviMd  and  greaiij  £iilaiged. 
With  187  llIustialion>.    Crown  Svo,  \2s.  6./.  cloth. 
"  This  book  thoroughly  deserves  its  title  of  •  'Practical  Treatite.*  The  whole  process  of  i;o'i 
nulling,  from  tte  breakioa  ot  the  quartx  to  the  as<ay  of  the  hullion,  is  described  io  CMr  and  ordniv 
narrative  and  with  moeh.  out  not  t«io  mticb.  fulness  of  detail.**— Saftcntor  Revitw. 

"The  work  is  a  s'.or<  holier  of  information  and  valiiahir  tiati.  and  we  stroQgljr  vaeooflMBd  it  O 
all  professional  uit  ii  t.n>;.i^ed  in  the  gold-miaing  indiutry." — Mining  Journal. 

8Uuer,  Metallurgy  of. 

The  metallurgy  of  Silver  :  A  Practical  Treatise  on  the 
Ainalgauiaiion,  Koasiiii}^,  and. Lixiviaiion  of  Silver  Ores.  I Qcluding  the  Assaying, 
Melting,  and  Refining  of  Silver  Bullion.  By  M.  EissLBR,  Author  of  **  The  Metal- 
lurgy of  (.old,"  &c  Second  Kdition,  EaUiged.  Wilhiso lUnctrationt.  Crows 
8vo,  lox.  6</.  doth. 

**  A  praetical  Iraatisa,  and  a  technical  work  which  we  are  convinced  will  snnpU  a  toog  Mt  waat 
amonast  pfnetkal  nM,  and  at  the  same  tima  be  of  value  to  students  and  ochen  indirsctlr  '^■t™^ 
irfdilhe  fiadttstries.**— ir<Kin/r  70unMl. 

*'From  first  to  last  the  book  is  thoroughly  sound  and  reliable."— CoZ/Mry  Guardunt, 

"For  ebemists.  practical  miners,  assayers,  and  investors  alike,  we  do  not  know  ol  maj  wmk  om 
the  mbject  to  handy  and  yet  so  coaprttlMnsivo."— <;toi|gMi  HinU4, 

Lead,  Metallurgy  of. 

The  Metallurgy  of  argentiferous  Lead  :  A  Practical 

Treatise  on  the  Smeltii^  of  Silver-Lead  Ores  tuid  the  RefinmgoT  Lead  BalBot. 

InchnUui;  Reports  on  various  Smelting  Establishments  and  Descriptions  of  Mocen; 

Smelting  Furnaces  and  Plants  in  Europe  and  America.    By  M.  £issl£R,  M.L.. 

Author  of  **  The  MctnUaigy  of  Gold.'*  &c.  Croim  8vo,  400  pp.,  with  183  lUn»- 

tration*.      6d,  doth. 

"  The  nuneraos  nMtaDuigical  pmcessss,  which  an  fully  and  extensively  iraoMd  oi«  emlmtt  all 
Magct  experienced  in  the  pasMge  of  the  lead  from  the  variens  natnral  Mate*  to  in  isme  fran  the  nfiai  > 

as  an  article  of  commerce.*'  — /^r,K  //  1/  Fnginerr 

•*Thc  prrs'jiit  volume  fully  maintains  the  rcpuution  of  the  .iiuhor.  Those  who  wish  to  ohcaia  & 
thorough  iiisi^lit  into  the  present  state  of  this  indusiry  cannot  do  better  than  read  this  volmnc^  and  aIj 
■uoing  cngiceeis  caooc'^'ail  to  find  many  u»eful  hints  and  suggesuoos  id  iu"  —Judmstrvt. 

"  It  it  anst  caiefally  writlen  and  iUottraied  with  capital  dmumtgs  and  diacnuns.  In  feet,  it  is <tc 
woclc  of  an  eapeic  Ibr  expeit^  by  sAon  it  will  bo  pnsed  as  an  indispenMUa  test  hoofc  "  JTtfW 

iron,  Metallurgy  of. 

Metallurgy  of  iron.  ConUining  Hi.siory  of  Iron  Manufacture. 
Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Mannfactnre  id  Icon 

and  Steel,  vVc.    By  H.  BaueRMAN.  FG.S.,  A.R.S.M.    With  numeioas  lUns- 

trations.    Sixth  Edition,  Revised  and  Enlai^ed.    i2mo,  5/.  6,f.  cloth. 

"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important  points ;  wbf* 
•11  material  matters  are  ve^  fully  and  thoroughly  entered  iMao."—SUuidmr4. 

iron  Mining, 

The  Iron  Ores  of  Great  Britain  and  Ireland  Their 

Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching;'  for  and 
Working  Them  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  Ily  J.  D. 
Kendall,  F.G.S.,  Mining  Engineer.  With  Plates  and  lUustrations.  Crown  Svu, 
tdr.  doth. 

"  The  author  has  a  thorongh  practical  knowledge  of  his  subject,  and  has  snpplementrd  a  c.^r^  f.  t 
!;tudy  of  the  available  literatutr  by  unpublitlicd  information  derived  from  his  own  obs«rvati<^u> 
The  result  is  .1  very  use  ful  \oiuiiie  which  cannot  fail  10  be  of  value  to  all  interested  in  the  iron  m- 

dustry  of  the  country." — Iminitnei. 

"Constitutes  a  systematic  and  c.irefol  accomit  <.f  out  present  knowled^e'of  the  origin  and  .>c.---r 
reace  of  the  iron  or«  s  of  ^'.leat  Hnt  iin,  and  cinbia.«-4  a  description  of  the  means  einpio)  t^i  in  rtacb- 
Ing  and  workint:  ilu'se  <ires.'  lion. 

"  Mr.  Kendall  is  a  great  authority  on  this  subject  and  writes  from  personal  ob&ervai.on.  '— 
CoHiery  Gtiarduin, 

"  Mr.  Kendall's  book  is  thoroughly  well  done.  In  it  there  are  the  outlines  of  the  history  of  «e 
inininK  in  every  centre  and  tiMTO  is  everjtbioe  that  we  want  to  kaow  as  to  the  character  of  iba  eras 
of  esch  district,  their  oomnwrcial  value  and  the  cost  ol  workinf  thoss."— /ran  and  SCmI  Trmim 
Jonrati/. 
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KiSCTBICnnr*  BLEOTRIOAL  SNGINESBINa,  STO. 

Electrical  Engineering,  ' 

The  Electrical  Engineers  Pocket-Book  of  modern 

Rules,  Formulae,  Tables,  and  Data.   By  H.  R.  Ksmpb.  M.  Inst.  K.E., 

A.  M  Inst.  C.E.,  Technical Oflficer,  PostalTelegraphs,  Author  of  "  A  Handbook  of 
tlectrical  Testing,"  &c.  Second  Edition,  Thoroughly  Revised«  with  Additions. 
With  numerous  lilustralions,  royal  32ino,  oblong,  5/.  leailier. 

"  There  is  very  little  in  the  shape  of  formula  or  data  which  (be  deetridMI  it  liketjr  lO  WUt  in 
«  hurry  wbicb  cannot  b«  found  in  its  yti^/a^,"— Practical  Engimttr. 

"  A  very  useful  book  of  reference  for  daily  use  in  praciioil  elMlrieal  engblMriBg  (Uld  its  various 
4i4»p(iGatioDi  10  the  industries  of  the  sreseBt  day."— /roe. 

•*  It  is  the  best  book  of  iu  kind/^£fivlrica/  Sngiiuer. 

''Well artwigsd sad eompaet.  TIm  Blcetrical  Bagineer's  PockeuBook  is  a  Kood  oiie.**->£i'««* 
trieian. 

"  Stroocly  retMkaunsaded  to  tliois  antagod  ia  th«  ▼ariona  eleelrieal  indattrles."*-  EUttHcai 
Revitw, 

£ieetrio  Lighting, 

Electric  light  fitting  :  A  Handbook  for  Working  Electrical 

Engineers,  embodyintj  Practical  Notes  on  Installation  Management.  By  J.  ^V. 
UftQUHART,  Electrician,  Author  of  "  Electric  Light,"  &c  With  namerou^i  lUusis. 
Second  Edition,  Revised,  with  Additional  Chaptem.   Crovra  8vo,  $t.  cloth. 

*'This  volume  deals  with  what  may  be  termed  the  mechanics  of  e'cctric  linhling,  and  is 
addressed  to  mea  who  are  already  eagae^  in  the  work,  or  are  tratniog  for  it.  The  work  traverses 
a  fcreai  deal  ot    round,  and  may  M  read  aa  a  sequel  to  the  saine  author's  usefal  workoa 'Bleetiic 

JLigbt.'  "—EiteinctaH. 

"This  is  an  attempt  to  state  in  the  simplest  language  the  precautions  which  should  be  adopted 
in  installing  the  electric  Ught*and  to  give  iofonnation  for  the  guidance  of  those  who  have  to  run  the 
plant  when  iostallsd.  The  bookiswellworththsperasal  of  the  workaiaa,lorwhon  Itis  written."— 

"We  have  read  this  book  with  a  good  deal  of  pleasure.  We  believe  that  the  iNiok  will  ot 
use  to  practical  workmen,  who  will  not  bo  alanned  by  fiadiag  atathoaiatical  formula  which  tbey 

^re  unable  to  understand.  ' — Electrical  I'iant, 

"  Emineniiv  practical  and  useful  Oaght  to  i>e  ia  the  baods  of  evaryoae  ia  charge  of  sa 

electric  light  plant." — Elect ncal  Engineer. 

"  Mr.  I'rquhart  has  succeedod  in  producing  a  really  capital  book,  which  we  have  no  bssitatioa 
in  recommeudinit  to  working  elecirictaas  and  electrical  engu)eers.""i/rc/iaiitcai  World. 

£/eotrie  Light 

Electric  light:  tts  Pioduction  and  Use,  Embodying  Plain 

Directions  for  the  Treatment  of  Dynamo-Electric  Machines,  Batteries,  .\ccum  ul  . 
and  Electiic  Lamps     By  J.  W.  URnt'iiART.  C.E.,  Author  of  **  Electric 
Fitting,"  "Electroplating,  '  ice.     Fifth  trillion,  carefully  Revised,  with  La.gc 
Additions  and  14$  lUustnuions.  Crown  8vo,  js,  6d.  cloth. 
"The  uhov  g^round  of  clectrio  lighting  IS  OMK  OT  less  covcfsd  aad  esplamcd  in  a  vciy  clcar  sod 

concise  iiu-juicj.  ' — EUi  iriiiil  Kn  iew. 

"  Contains  a  goml  deal  of  very  interesting  inromiatioo,  espeaally  IB  the  parts  whcfc  theauthor  gives 
Utmensions  and  working  costs." — Eitetrical  EitgiMter. 

"  A  miiiiacura  KuU-nueum  of  the  asUent  facts  coooected  with  the  science  of  electric  lighting."-^ 

£ifcirtciatt. 

"You  cannot  for  your  purpose  h^ve  a  better  book  th»o  '  Electri..  Light.'  by  Urquhart.*'— .f^i^nw^r. 
"The  book  is  by  far  the  best  that  we  have  yet  siet  with  on  the  M\^9ct."-^AtA*mmm. 

Cotistruoiion  of  Dynamos* 

DYNAMO  Construction  :  A  Practical  Handbook  for  the  Use  of 

Engineer  Constructors  and  Elcctricians-in-Charge.  Embracing  Framework  liuild- 
ing.  Field  Magnet  and  Armature  Winding  and  Grouping,  Compounding,  ^c. 
With  Examples  of  leading  English,  American,  and  Continental  Dynamos  and 
Motors.  By  J.  W.  Urquhart,  Author  of  ** Electric  Light."  Electric  Light 
Fitting,"  &c.    With  upwards  of  100  Illustrations,  crown  8vo,  7/.  61/.  cloth. 

"  Mr.  Urquhari's  book  is  the  first  one  which  deals  wuh  thcic  niaiurs  in  sucaa  way  that  the  cngincct- 
ing  student  can  undersUnd  them.  The  hook  is  very  rc.ida)>!e,  and  the  auibor  leads  his  leadcnt  Up  tO 
tli^cult  subjects  by  rc^ivm.ibly  simple  tcU&." — Enj^imtertMg  Rti^irw. 

"The  author  deals  wuh  his  subject  in  a  style  so  popular  as  to  make  his  volume  a  handbook  of  ^rr  \t 
practical  value  to  engineer  contractors  and  electricians  in  charge  of  lighting  '\tv,vMak.t\ons."  —■Sconm.m. 

"  '  Dynamo  Construction '  more  than  sustain*  the  high  character  of  the  author's  previnus  {Mibli*.!. 
ttOQS.   It  is  »ure  to  be  widely  read  by  the  large  and  rapidly-incrcaMng  number  of  practical  «lecuiCb»ok.'* 

«*A  book  for  which  a  demaad  has  long  existed."~Jr«rAa«»^  Wtrid, 
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CROSBY  LOCKWOOD  <&•  SON*S  CATALOGUE. 


A  New  Dictionary  of  Electricity. 

The  standard  Electrical  Dictionary,  a  Popular  Dic- 
tionary of  Wortis  and  Terms  Used  in  the  Practice  of  Electrical  Engineering  Coo- 
tainiiig  upwards  of  3,000  Uefi-itinns.  15y  T.  O'Connor  Si.oank,  A.M..  Ph.D., 
Author  of  '*  The  Arithmetic  o:  Electricity,"  &c.  ^:c.  Cr  a;  bvo.  630  pp,«  350 
r!qstratums»  ^s.  6d.  cloth.  7 use  fmkitkti, 

"  I  he  work  hat  many  attractive  features  !n  it.  aod  is,  beyond  doobt.  a  wet!  pot  ti-gether  atxl  u^- 
fiji  publication.  The  amount  of  ground  coveted  may  be  t^aihered  from  the  net  that  in  the  index 
about  5,coo  references  will  be  found.  The  hid  .sion  nf  sui  h  conpir.itively  modern  words  as  '  im- 
pcdcr.ce.'  'reluctance,'  &c.,  shows  that  th-:  lutljor  hai  sired  t  j  Lt  up  t  ^  date,  and  indeed  there  are 
other  indications  of  c.irffuliicss  of  compnrtiion.  The  work  is  one  which  Hi-«^c  intHftT  JTPat f nwlil 
and  It  should  prove  of  great  value,  especia  ly  to  students." — Elutncai  Review. 

**  We  havafband  the  book  vary  complete  and  relhiMe,  and  eaa,tb«Ki«imeiCoiDnv  nd  it  b-  «ni]j.- 

ilei  hum  1  a."  H \  rij. 

"Very  complete  and  conta'iis  a  large  .imoiint  of  useful  iiiforniation.  " — InJtutrui. 

"  An  cr.c>clopafdia  ot  rlectncal  science  in  tbe  compass  of  a  dictiooary*  The  information  givea 
is  sound  and  clear.  The  hook  is  well  printed,  welt  Uliutraied,  awl  well  np  to  date,  and  may  be 
c  00  6de  n  tl V  r<  commended  ."—Bv  ilde  r. 

"We  nail  tbe  appearanee  of  this  little  work  as  one  which  will  meet  a  want  that  haa  been  Icrenif 
i«U  'or  some  time.  .  .  .  The  author  is  to  be  coni^ratulatoi  on  tbe  eaceUent  manner  in  wbich  he 
has  accomplished  his  X^tk."— Practical  Enginter. 

**  Tbe  volume  is  excellently  printed  and  illuatrated,  and  should  form  part  of  tbe  library  of  every 
one  who  is  directly  or  indirectly  connected  with  ^eetneal  niatiers."— l7«nNMf«  TmUU  Jninaf, 

Electric  Lighting  of  Ships, 

Electric  Ship-Lighting  :  A  Handbook  on  the  Practical  Fitting 

and  Running  of  Ship's  I'Icctrical  Pluit.  For  the  Use  of  Shipowners  and  Builders, 
Marine  Electricians,  and  Sea  goini,'  Engiaeera  in  Charge.  By  J.  VV.  Urqi'ii  axt, 
r.  K  ,  Author  of  •*  Electric  Light,'  ac.    With  88  Illasts.,  crown  8vo,  7/.  6  /  cloth. 

■■  fhf  sul'jTi  of --hi-,' "  lecti i'-  li_liti  1^  I-  Ml  ■  of  v.ist  iiiipoi  t.iit  e  in  these  d^i/*,  and  Mr.  I  r.^Laart 
is  lo  he  1-iclily  comphiiK  nti  ii  tot  placirii;  such  ,i  \  .ilujble  woi  'k  at  the  service  :  the  practical  marioe 
e>cci'  'r  I  »n  "    TItf  SteJtfiihtf, 

"  f'srinctiy  a  bcok  whicii  of  its  kind  suads  almcst  alone,  and  for  which  there  should  be  a 
denand."— fi/icfrtcia/  ff<et;rw. 

Eiectric  Lighting. 

The  Elementary  Principles  of  Electric  Lighting.  By 

Alan  \  Campbell  Swinton,  A-sociate  LEE.    Third  Edition,  Enlarged  aad 
Revised.    With  Sixteen  Illustrations.    Crown  8vo,  is.  6</  cloth. 
"  Anyone  who  desires  a  short  and  thoroughly  clear  exposition  of  the  eleflwataqr  pnacqilai  ef 
electric-lighting  cannot  do  better  than  read  this  litde  wtk.*'-^Brm4fif'^  Ohstrver. 

Dynamic  Electricity. 

The  Elements  of  Dynamic  Electricity  and  Magnetism. 

Ity  Hhilii'  Atkinson,  A.M.,  Ph.D.,  Author  of  "  Elements  of  Static  Electricity," 
'  The  Elements  of  Electric  Lighdng,"  &c.  &c.  Crown  %fo,  417  pp.,  with  lao 
lUuatrationt,  zo«.  6d.  dcth. 

£/eotric  Motorw,  4o. 

The  Electric  Transformation  of  Power  and  its  Applica- 
tion by  the  Electric  Motor,  including  Klectric  Railway  CoDStmctton.  Bv  P. 
Atkinson.  A.M.,  Ph.D.,  Author  of  "The  Elements  o»  Electric  Lighting,  ' A:c. 
With  96  Illnstraticiis.   Crown  8vo,  7/.  6</.  doth. 

Dynamo  Conatmetion. 

HOW  TO  Make  a  Dynamo  :  a  Practical  Treatise  for  Amateun. 

Containing  numerous  Illustrations  and  Detailed  Instructions  for  Constructing  a 
Small  Dynamo  to  Produce  the  Electric  Light.  By  Alfred  Crofts.  Fourth 
Edition,  Kevtsed  and  Enlarged.    Crown  8vo,  2s.  cloth. 

**Thein8triietioaaglveoiA  thia  nnpretentious  little  book  are  anficiently  clear  and  eaplicitto 
enable  any  amateur  mechanic  possessed  of  average  skill  and  the  usual  loola  10  be  fMiod  in  an 
amateur's  workshop,  to  build  a  practical  dynamo  machine."— fibctrimoa. 

Text-Booli  of  Electricity. 

The  STUDENT'S  Text-Book  of  Electricity.    By  H.  m. 

NoAD,   Ph.D.,   F.R.S.     New  Edition.     With  Introduction  and  Additional 
Chapters  by  W.  H.  Prbbce,  M.I.CE.  Crown  8to,  lax.  6el.  doth. 

Electricity. 

A  Manual  of  Electricity  :  including  Galvanism,  Magnetism, 

Dia  Magnetism,  Electro- Dynamics,  &c.    By  H.  M.  NOAD,  Ph.D.,  F.R.S.  Fonith 
Edition  (1859).    8vo»  ;Ci  4/>  clolh. 
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ARORITBCTUBE,  BUILDINO,  eto. 

Building  Construction. 

Practical    Building    Construction:   a  Handbook  for 

Students  Prepariii;^  for  Kxamination>.  and  a  Book  of  Reference  for  Persons  En- 

ng^^  Building.    Hy  John  Parnell  Allf.n,  Surveyor,  Lecturer  on  Building 

Construction  at  the  Diirham  College  of  Science,  XewcasUe«on-Tyne.  Medium 

8vo,  450  pages  with  1,000  Illustrations.    12S.  6d.  cloth.  \^ust publishtd. 

'*Thii  votoRM  b  one  of  the  most  complete  expotitiene  of  building  conttnietion  we  have  ceea.  It 
I  contains  all  that' it  neceiaary  to  prepare  Mudcnu  lor  the  various  exaniaations  in  building  construc- 

<ion/* — BnildtHf  AVtfX. 

"The  auih'tr  ilfprmU  nearly  as  much  on  liis  diai^rams  as  on  hi*  t\  pe.  The  pages  sug-^est  the 
hand  of  a  man  of  experience  in  )>  'ilding  operaiion>  and  the  vyluinc  musi  l)e  a  blosiog  tu  m»ny 
teachers  as  well  as  to  students."  Arckiiei  t. 

"This  volvme  promises  to  be  the  recognised  handbook  in  all  advanced  classes  where  building 
construction  is  uught  from  a  practical  point  of  view.  We  strongly  cooiBcnd  the  book  to  the  notice  pi 
all  teachers  of  building  construclioo."  — 7V.  /;>iua/  World. 

**Thewovklssunlopiovea  Ibratdable  rival  to  great  and  soiall  competitors  alike,  and  bids  fUr 
<o  take  a  pemanent  place  as  a  Ikvourite  studeou*  text-book.  The  large  number  of  iUustraiioos  deserve 
particular  mention  for  the  great  nerit  they  possess  for  purposes  of  reference,  in  exactly  corre»ponding 
to  convenient  scales.'*— Tl^atr.  Intt.  Brit,  Arthit, 

Concrete. 

CONCRETE:   ITS  NATURE  AND  USES.    A  Book  for  Architects, 

Builders,  Contractors,  and  Clerks  of  Works.  By  Georok  L.  Sutcliffe, 
A.R.LB.A.    350  pages,  with  numerous  Illustrations.  Crown  8vo,  js.  6</.  cloth. 

[yus/  published, 

"  The  author  treau  a  difficult  subject  in  a  tudd  manoer.  The  manual  fills  a  long  fell  gap.  It  is 
careful  and  exhaustive :  equally  useful  as  a  student's  guide  and  an  architect's  book  of  reference.**— 

yomrtuU  of  Royal  IfUtitnti^n  of  British  Ar,h  itfcts. 

''There  is  room  for  this  new  bfyik,  which  will  probably  be  for  some  time  the  standard  work  on  the 

subject  for  a  buiMer's  pnrpo-c."— '  .7rtxt',>?i'  He'^iUi. 

"A  thoroughly  usefii;  ind  comprehensive  work." — Brit'sh  Archittct, 

Mechanics  for  Architects. 

The  Mechanics  of  architecture  :  A  Treatise  on  Applied 
Mechanics,  especially  Adapted  to  the  Use  of  Architects.    By  E.  W.  Tarn,  M.  A.. 
Author  of  "The  Science  of  Bnilding."  Ac.   Second  Edition,  Enlarged.  Illus- 
trated with  125  Diagrams.    Crown  8vo,  7^.  6</.  cloth.  [Just puhlished, 
"  The  buck  is  a  very  useful  and  helpful  manual  of  architectural  mechanics,  and  really  contains 
'MliBcient  to  enable  a  careful  and  painstakiHi;  student  to  grasp  the  principlei  bearing  upon  the  ma- 
jority of  buildiuK  problems.  .  .  .  Mr.  Tarn  has  added,  by  this  volume,  to  the  debt  of  gratitude 
which  is  owing  to  him  by  ardiitecturat  atttdeaia  tor  the  nnoy  valuable  works  which  ha  nas  pro- 
duced for  their  use."— TA^  BitiM'i'. 

**  The  meehanies  in  the  volume  are  really  mechanics,  and  are  harmoniously  wrought  In  with  the 
distinctive  professional  matter  proper  to  the  atthject.  The  diagrams  and  type  are  commendaWy 
■clear." — The  Schoolmaitcr. 

* 

The  Mew  Builder's  Price  Book,  1894. 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  FOR  1894.  A  Com- 
prehensive Handbook  of  the  Latest  Fnces  and  Data  for  Builders,  Architects, 
£ngineen.  nnd  Comraetofs.   Re-constraeted,  Re^written,  «nd  Greatly  Enlarged. 

By  Francis  T.  W.  Millkr.   700  closely-printed  pages,  crown  8vo,  4^.  cloth.  . 

**  nis  book  is  a  very  useful  one,  and  should  find  a  place  in  every  English  office  connected  with 
<he  bnflding  and  engineering  profissaioat."— f  ttdasfrtM, 
An  emMllent  book  of  reference.  "—.4  n  hitect. 

**  In  ita  new  and  revised  form  this  Price  Book  is  what  a  work  of  tfalt  kfaid  should  bo— eempce- 
liensive,  reliable,  well  arranged,  legible,  and  well  bound.**— Britwh  ArchUttt, 

Deelgning  BuUdinge, 

THE  DESIGN  OF  BUILDINGS :  Being  Elementary  Notes  on  the 

Planning,  Sanitation  and  Ornamentive  Formation  of  Structures,  based  on  Modern 
Practice.  Illustrated  with  Nine  Foldin?  Plates.  By  W.  Woodi.ey,  Assistant 
Master,  Metropolitan  Drawing  Classes,  &c.    Demy  8vo,  6s.  cloth.  \Just publish^. 

Sir  Wiliiam  Chambere'e  Treatise  on  Civil  Architecture. 

The  DECORATIVE  PART  OF  CIVIL  ARCHITECTURE.  By  Sir 
William  Chambers,  F.K.S.  With  Portrait,  Illustrations,  Notes,  and  an 
Examination  of  Gkician  Akchitictvrb,  by  Josefh  Gwilt,  F.S.A.  Re- 
md  and  Edited  by  W.  H.  Lbbos.  66  Plates.  410,  zis,  cloth. 
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yaia  Architecture. 

A  Handy  book  of  Villa  architecture  :  Being  a  Series  of 
Designs  for  Villa  Kestdcnces  in  various  Styles.  With  Outline  Specificaiioni  and 
Estimates.  By  C.  WiCKES,  Architect,  Author  of  **The  Spires  and  Towcn  of 
England,"  &c.  6l  Plates,  410,  £i  Ms.  6</.  lialf- morocco,  gilt  cijj;c> 
"l^e  whole  of  the  dcitigns  bear  evidence  of  their  being  the  work  of  iin  arii»uc  architect,  aad  the; 
will  prove  very  valuable  aud  kugfiotive."— ^iitata^ii|f  4^««t. 

TextBook  for  Architects. 

The  ARCHITECT'S  Guide  :  Being  a  Text-book  of  Useful  Infor- 
mation for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of  Works,  &c 
&C.   By  Frbdbkick  Rogers,  Architect.   Third  Edition.  Cr.  8vo,  p.  6d,  cloth. 

"  A<  A  tex(-K>ok  of  useful  iiifonn.iti  )n  f  ir  ar.  hitcct^.  cnguMO^  CUXVCyOfl,  ftCi,  it  WOold  be  btttd W 

find  a  handier  or  more  > ouijilcte  little  \o',\jmc.''—Statuiara. 

Taylor  and  Cresy's  Home. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.     By  the  late 

G.  L.  Taylor,  Esq.,  K. R.I.B.A,,  and  Edward  Cresy,  Esq.  New  JEkiitioc, 
thorouijhly  Rc%iscd  by  the  Rev.  Ai  fx ander  Twi  or,  M.A.  {'.on  of  the  late  O.  L 
Taylor,  K^ij.),  Fellow  of  (Queen's  College,  UxluiJ,  and  Chaplain  uf  Gray's  Inn. 
Large  folio,  with  130  Plates,  £^  3/.  half-bound. 
"Taylor  and  Cnsy'i  work  ha*  from  lu  fim puUicatioK  btca  ranked amMig  ikoae  pnitaaicoaX  bookk 
which  cuDOt  be  bettered."— nkiUtt, 

Unear  PiBrapeetiue, 

ARCHITECTURAL  PERSPECTIVE.    The  whole  Couiie  and  Opcn^ 

lions  of  the  I">i.iU!:;ht'^inan  in  Drawing  a  T.arge  Hou<;e  in  Linear  Per^pcdifC. 
Illustrated  by  39  Folding  I'laies.    By  F.  U.  FERGUSON.    8vo,  Jx.  6d.  boards 
"It  it  the  moftt  iDtclliKible  <■(  tlic  trcatiMrs  on  this  iU*uaUcd  subject  tbat  I  have  mat  vteh."— 

F    l%.;',:---s  l!hLl-.  t^.j.,        "'.r  A'   '. /t.A,  y^mrmsJ, 

Architectural  Drawing. 

Practical  rules  on  drawing,  for  the  Operative  Builder 
and  Vuung  Student  in  Architecture.  By  Clurgb  Pyns.  With  14  Plates,  410, 
7j;  6df,  boards. 

Vltruvlus*  Arohitsoture. 

The  ARCHITECTURE  OF  MARCUS  VfTRUVIUS  POLLIO.  Trans- 

]Mt"{  l.y  Joseph  Gwiit,  F.S  A.,  F.R.A  S.    New  £ditiol^  Korised  bj  the 

I  r.i  , slater.    With  23  Plrtes,  fcap.  Svo,  5/.  cioth. 

Designing,  Measuring,  and  Valuing, 

The  Students  Guide  to  the  Practice  of  measuring 

AND  Valuing  Artificers'  Work.  Containing  Directions  for  taking  Dtmec- 
sion*!,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with  Tables  o:' 
Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas  and  Solidities. 
Origitiallf  edited  by  Edward  Dobson,  Architect.  With  Addstioos  by  E.  Wtxd- 
H A M  Ta RN,  M. A.  Sixth  Edition.  With  8  PUtes  and  63  Woodcats.  Crown  8vo^ 
7j.  6J.  cloth. 

**Thi«  pdition  will  be  Ibotid  the  moKt  complete  treadle  on  the  prittciples  «(  -"r^fHTiTig  and  valnnc 

artificers'  work  that  has  yet  been  publishcJ."  — AVtut. 

Pocket  Estimator  and  Technical  Guide, 

The  Pocket  Technical  Guide,  measurer,  and  Estimator 

FOR  Builders  and  Surveyors.    Containing  lechmcal  Directions  for  Meai^uxuig 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads,  asd 
Drains,  antl  an  Ea'^y  Method  of  Estimating  the  parts  of  a  P-uildini;  coUectivdf. 
6v  A.  C.  Beaio.n.    Sixth  Edition.    Wai&tcoal-pockei  sue,  is,  6t/.  gUt  edges. 
*'  Nq  buiUer,  architect,  narveyor,  or  valuer  shoald  be  widuiut  bis  *  Beaton.*  **—SmiUUmt  NttM, 

Donaldson  on  Specifioations. 

THE  HANDBOOK  OP  SPECIRCATIONS ;  or.  Practical  Guide  to 

the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up  Specifications  and 
Contracts  for  Works  and  Constructions.    Illustrated  by  Precedents  of  Bui!ding> 
actually  executed  by  eminent  Architects  and  Engineers.     By  Professor  T. 
Donaldson,  P.R.I.B.  A.,  &c.    New  Edition,  in  One  large  VoL,  8vo,  with  iipwaids 
of  1,000  paj^c?  of  Text,  and  33  I'lates,  /^i  1 1.  .  6J.  clotli. 

.    .   Valuable  asm  record,  and  more  valuable  still  as  a  book  of  preccUeati.    ...   Su&ce  'i 
to  WKf  that  2>onaldioD*i  *  Handbook  of  Specificattooa*  must  be  bought  by  all  aicbiiect*.**~j!^M'Mrr. 


Digitized  by  Google 


ARCHITECTURE^  BUILDING^  6*. 


Bartho/omeLu  and  Rogers'  Specifications, 

Specifications  for  Practical  architecture,  a  Guide  to 

the  Architect,  Engineer,  Surs'cyor,  and  Builder.  With  an  Essay  on  the  Structure 
nnd  Science  of  Modern  Buildings.  Upon  the  Basis  of  the  Work  by  ALrasx> 
B  artholomew,  thorouijhly  Revised,  Corrected,  and  greatly  mlde  l  to  by  Frederick 
Rogers,  Architect.  Third  Edition,  Revised,  with  Additions.  With  numerous 
Illiistiatlons,  mediam  8vo.  15X.  cloth. 

"The  colkction  ot  specifications  prepared  by  Mr.  Rogers  on  the  basis  of  Bartholomew's  work  is  too 
well  known  to  need  any  recorainendauon  from  ui.  li  in  ooe  ol  ihc  books  with  which  every  young  archi- 
•act  mnit  be  •qBippad*'*«*^ns4(tec'i* 

Conatruotion, 

The  Science  of  Building  :  An  Etementaiy  Treatise  00  the 

Principles  of  Construction.    By  E.  WyndhaM  Tark,  M.A.,  Architect.  Third 
Edition,  Revised  and  Enlarged,  with  59  Engravings.    Fcap.  8vo,  41.  doth* 

"A  very  valuable  book,  which  wc  strongly  recommend  lo  ail  student«,"--^Mf/^r. 

House  Building  and  Repairing. 

The   HOUSE-OWNER'S  estimator  ;  or,  What  will  it  Cost  to 
Build,  Alter,  or  Repair  ?    A  Price  Book  for  Unprofessional  People,  as  well  as 
the  Architectaral  Surveyor  and  Builder.    By  J.  D.  SlMOK.    Edited  by  F.  T.  W. 
Miller,  A.R.I. B.A.    Fourth  Edition.    Crown  Svo,  3/.  6t/.  doth. 
"  In  two  years  it  will  repay  iu  cost  a  hundred  timet  ovct."^Fuld, 

Cottages  and  Villas. 

Country  and  Suburban  Cottages  and  Villas  :  How  to 

Plan  and  Build  Them.  Containing  33  Plates,  with  Introduction,  General 
ExpUnatioos,  and  Description  of  each  Plate.  By  James  W.  Bogue^  Architect, 
Author  of  **  Domestio  Aidiitcctuxe,**  &G.  410,  lor.  6d.  cloth. 

Building  ;  Ciu il  and  Ecclesiastical. 

A  Book  on  building,  Civil  and  EcclesiasUcal,  including  Clmrch 
Restontioo ;  with  the  Theory  of  Donaes  and  the  Great  Pyramid,  &c*    By  Sir 
ED.MUND  Beckett,  Bart.,  LL  D  ,  F.R.A.S.  Second  Edition.  Fcap.  8vo,  51.  cloth. 
"  A  book  which  U  aiwayi  amosing  and  nearly  always  i&suuctive."— 2Vtf  Tmit. 

Sanitary  Houaos,  eta. 

The  Sanitary  arrangements  of  Dwelling-houses.  By 

A.  J.  Wallis  Tayler,  A.M.inst.  C.£.  .  Crown  Svo,  with  numerous  Illustra- 
tions, {Jh  the  press. 

Ventilation  of  Buildings, 

Ventilation.   A  Text-Book  to  the  Practice  of  the  Art  of  Venti- 
lating Buildings.  By  W,  P.  Buchan,  R.l'.    12010,  4f.  cloth. 

**  CdMUuM  a  sraat  anouiit  of  uMAd  pnifitieal  iaftfrnaitoB,  aa  thoroughly  iniciciUnK  as  it  ia  techai- 
cally  nyabk.'  **-  BrHi$k  AvtkStgcU 

The  Art  of  Plumbing, 

Plu  MBING.   a  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the 

Plumber.   By  W.  P.  Buchan,  R.P.    Sixth  Edition,  Enlarged.    i2mo,  4^.  doth, 
"  A  text  book  which  may  be  safely  put  in  the  hands  of  every  yoang  plumber." — liuUUer, 

Qeometry  for  the  Arohiteot,  Engineer,  &c. 

Practical  Geometry,  for  the  Architect,  Engineer,  and  Mechanic. 

Giving  Rules  for  the  Delineation  and  Application  of  various  Geometrical  Liacs, 

Figures,  and  Curves.    By  E.  W.  Tarn,  M.A.,  Architect.    8vo,  9J.  cloth- 

"  No  book  with  the  same  objects  in  view  haa  ever  be«a  published  in  which  the  claaniCM  of  the  ralea 
aid  down  and  the  iilustr.itive  diognmia  have  been  so  9ai^aheMry"—Swtim*»* 

The  Seionoe  of  Qoomotry, 

The  Geometry  of  Compasses  ;  or,  Problems  Resolved  by  the 

Tnere  Description  of  Cirdes,  and  the  use  of  Coloured  Diagrams  and  .Symbols*  By 
Oliver  Byrne.    Coloured  Plates.    Crown  8vo,  y.  6t/.  cloth. 
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CARPENTRY,  TIMBER,  etc. 

Jredgold's  Carpentry,  Revised  and  Enlarged  by  Tarn. 

The  Elementary  principles  of  carpentry  :  A  Treause 

on  the  Pressure  and  Equilibrium  or  Timber  Framing,  ihe  Resistance  of  Timber. 
«od  the  Construction  of  Floors,  Arches,  Bridge?i,  Rools,   Uniting  Iron  and 

Stone  with  Timber,  &c.  To  which  is  added  iii  E<<:ay  on  the  Nat\ire  and  P'^- 
I'ci  tieii  of  Timber,  «S:c.,  with  Descriptions  of  the  kinds  of  Wood  use<i  in  Buulin^; 
also  numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes,  the  Spccinc 
Gravities  of  Materials,  &c.  By  THOMAS  Tredgold.  C.E.  With  an  Appendix 
of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illustrated.  Seventh  Edition, 
thoroughly  Revised  and  considerabljr  Enlarge  by  E.  Wyndham  Tailx,  M.A., 
Author  of  "The  Science  of  fv  Idin-."  &c.  With  6i  Plates,  Portrait  of  the  Author, 
and  several  Woodcuts.  In  One  large  Vol.,  410,  25^.  cloth. 
"  Ought  to  be  tn  every  archiitct  s  and  every  builder's  Vihi y."  -  Bui Lirr. 

"  A  work  whose  monumental  excellenoe  must  oommcoii  it  wKerevcr  slulf«l  carpentry  is  eoacemed. 
The  .-iiithor'i  principles  are  rather  coollnned  than  impairad  by  time.  Ttie  aJdittonal  plates  •■«  «f  sreat 

^  ntrmsic  vilue."—  Building;  Xrivs. 

Woodworking  Machinery. 

Woodworking  machinery:  Its  Rise,  Progress,  and  Con- 
siruclion.  With  Hints  on  the  Management  of  Saw  Mills  and  the  Economical  Con- 
version of  Timber.  Illustrated  with  Examples  of  Recent  Designs  by  leading  English, 
French.  :\nd  American  Engineers.  By  M.  Powis  Bai.f.  A. M.Inst. C.E. ,  M  I.M.E. 
Second  Edition,  Reviseii,  with  large  Additions,  large  crown  8vo,  440  pages,  9^. 
cloth.  [just  fiu'^isktd. 

**  Mr.  Hale  is  evidently  an  expert  on  the  siiVJect,  and  he       collected  so  much  iniormacton  tfaakllM 

ht»Ac  is  all-sufiicient  for  builders  and  other»  engaged  m  the  coaversioo  of  timber." — Afvkitrct. 

"The  ninst  •  ^>nH>^r!K•n^ivt:  c  ompeitdiuni  of  wood^wtorking fluchincyy  w«  hiva acoo.  Tfaieauchorisa 

thorough  in.i>tt  r  of  hu»  subject." — Building  N*ws. 

Saw  Mills. 

Saw   Mills  :    Their  Arrangement  and  Management;  and  the 

Economical  Conversion  of  Timlier.    (A  Companion  Volume  to  *' Woodwrorkubg 
Machinery.")    By  M.  Pcnvis  H.\i  k.   Crown  Svo,  iot.  6</.  cloth. 
**The  ai  mi  tistratitft  of  a  Iar.:r-  s.iwinij  ot.itilisliment     disciisM-d,  and  the  subj^t  eiraniined  from  i 
fi II "( IK  ia  1  vt.iin  po  lit.    Henc  the  <ur,  sh.ipr,  order,  .iml  di^pi  Titian  "f  s-i-* -iniUs  and  the  like  are  c  into 
nn  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  tls  delivery  io  its  converted  state. 
We  could  not  dctire  a  nuwit  comptcta  or  pnctical  utMiam/'—SmiUtr, 

dUichotson's  Carpentry, 

The  CARPENTER'S  NEW  GUIDE  ;  Or,  Book  of  Lines  for  Car- 
penters ;  comprising  all  the  Elementary  Friaciples  essential  for  acquiring  a  knowledge 
of  Carpentry.    Founded  on  the  late  Pstbr  Nichoi.son*s  standud  work.    A  New 

Edition,  Revised  by  A KTHi  R  AsHriTEi..  F  S.A.   Together  with  Practical  Rtiles 

on  Drau  int;,  by  <  ".r  -ruk  rvNF.    With  74  Plates,  4tO,  £1  U,  cloth, 

Handrailing  and  Statrbuflding. 

A  PRACTICAL  TREATISE  ON  HANDRAILING  :  Showing  New 
and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing  the  Moulds, 
Bevelling,  Tointing-up,  and  Squaring  the  Wreath.  By  George  Collikgs. 
Second  Edition.  Revised  and  Enlarged,  to  which  is  added  A  TRKATlsaON  STAIR- 
IIUILHING.    With  riatci  auJ  Diaj;iams.    i2mo,  2f  6*/.  cloth  limp. 

"  Will  be  found  of  practical  utility  in  the  execution  of  this  difli   ih  h-an  h  of  joinery." — B -lil'ir". 

*'  AlmoM  every  difficult  phase  <^  this  somewhat  intricate  braoch  of  joiacry  is  elocidmtad  by  tht  aid 
<f  plalas  aod  cxplaiiatorr  leiter|iress."^/WrMj/M»v  Gattttt, 

Oiroutar  Work. 

Circular  Work  in  Carpentry  and  Joinery  :  A  Prac- 
tical Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By  Gcoaci 
CoLLiNcs.    With  Diagrams.  Second  Edition,  l*nio,  zs,  6<y.  cloth  limp. 

"  An  excellent  example  of  what  a  book  of  this  kind  should  be.  Cheap  in  price,  dear  ia  dcftttitida, 
«and  prfiLtica!  in  the  oaamplsa  selcctod."— ^wimrr. 

JHandraiffng. 

Handrailing  Complete  in  Eight  Lessons.  On  the  Square- 

Cut  System.    By  J.  S.  Goldthorp,  Teacher  of  Geometry'  and  Building  ConMnic- 
tion  at  the  Haliux  Mechanic's  Institute.  With  Eight  Plates  and  over  150  Practkil 
Exercises.   4to,  3.;.  6d.  cloth. 
"  Likely  to  be  of  considerable  value  to  joiners  and  others  who  take  a  pride  in  good  work.  Tb« 

arrani^ement  of  the  book  it  eacellent.  We  heartily  commend  it  10  teachers  and  «tiident*.">-rMiA«r 

'^Xrades  Journal, 
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Timber  Merchant's  Companion. 

The  Timber  merchant's  and  builder's  Companion.  Con- 

Uining  New  and  Copious  Tables  of  the  Keduced  Weight  and  Measurement  oi 
Deals  and  Battens,  of  all  sixes,  from  One  to  a  Thousand  Pieces,  and  the  relative- 
Price  that  each  size  bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Stan- 
dard Hundred  ;  the  Price  per  Cube  Foot  of  Stjvure  Timber  to  any  given  Price  per 
Load  of  50  Feel  ;  the  proporiionaie  Value  of  Deals  and  iialtens  by  the  Standard,  to 
Square  Timber  by  the  Load  of  50  Feet ;  the  readiest  mode  of  ascertaining  the  Price 
of  Scantlintj  per  I.incal  Foot  of  any  si/e,  to  nny  given  Figure  per  Cube  Foot,  &c.  &c. 
By  William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.  Cr.Svo,  $s.  cloth. 

"  Everything  is  as  condM  and  cl««r  a»  it  can  possibly  be  miide.  There  can  be  no  doubt  that  every 
timber  merchant  and  builder  oufht  to  poMeu  it."—  N nil  AdvtrHttr. 

*'  We  we  glad  to  ice  a  fourth  edition  of  the«e  admirable  ublw,  which  for  correctneit  and  timplicity 
arrancouicat  mve  nothng  to  bedeHred."— 7Yi«f^r  Tmdtt'  Jctinutt, 

Practical  Timber  Merchant 

The  Practical  Timber  merchant  :  Being  a  Guide  for  the  use. 

of  Huiblini^  Contrnctors,  Surveyors,  Builders,  &c.,  comprisinj^  useful  Tables  for  all 
purposes  connected  with  the  Timber  Trade,  Marks  of  Wood,  tssay  on  the  Strengtb 
of  Timber,  Remarks  on  the  Growth  of  Timber,  &c.  By  W.  Richardson.  Fcap. 
8vo,  3/.  6J.  cloth. 

"  This  handy  manual  contains  much  valuable  information  for  the  uae  of  timber  merchants,  builders, 
forestcrt.  and  all  othen  connected  with  thtfrowth,  nie,  and  manufacture  of  timber.**— yMnM/f^^tffviify* 

Timber  Freight  Bool<. 

The  Timber  merchant's,  Saw  millers,  and  importer's 

Freight  Book  and  Assistant.  Comprising  Rules,  l  ahies,  and  Memerand* 

relating  to  the  Timber  Tr.nle.  KyWiLLlA.M  RlCHARnsov.  Timber  Broker  ;  together 

with  a  Chapter  on  Speeds  of  Saw  Mill  Machinery  by  M.  Towis  Bale 
M.T.M.E.,  &c.    tamo,  y.  6d.  cloth  boards 

"  A  very  useful  manual  of  rules,  tablet,  and  memoranda  relating  tn  the  timber  trade.  We  recom- 
mend It  as  a  compendium  of  calculation  to  all  timber  mea*urers  and  merchanu,  and  a^  cupplyiog  a  rea> 
waat  in  the  tt»A».**—BmHdine  Ntna. 

Packlng-Qaee  Makers,  Tables  for, 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial  Feet 

Ml  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards.    By  W.  RlCHARll- 

sov,  Timber  I'rokcr.    Third  Edition.    Ohlcng  4to,  y.  6J.  cloth. 
V  Invaluable  laboiir-^avin^  tables."— /rw^wM^^r.  **  Will  save  much  labour  and  caiculauon." — Groctr, 

Superficial  Measurement. 

The  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  i  to  200  inches  in  length,  by  i  to  to8  inches  in  breadth. 

For  the- use  of  Architects.  Surveyors*  Engineers,  Timber  MerchantSt  Bnilden^  ftc. 

Fy  Tames  Hawkings.     Fourth  Edivlrn.    Fcap.,  3/.  (>d.  cloth. 
"  A  u^fui  coUection  of  tables  to  facilitate  rapid  calculation  of  surfaces*   The  exact  area  of  any 
surface  of  which  the  limits  have  been  asceruined  can  be  insuntly  dctcrniiaed*   The  book  will  be  foWMl 
of  the  araatest  utility  to  all  engaged  in  building  operations." — SctltnAu^ 

"Thoe  tables  will  be  found  of  grent  asaisuuice  to  all  who  require  10  nafce  calcwlerioai  ia  supcrfieial 
measurement."— fiyAsA  M^tkmnie, 

Forestry. 

The  Elements  of  forestry.  Designed  to  atTord  Informatioft 
concerning  the  Planting  and  Care  ot  Forest  Trees  for  Ornament  or  I'roftt,  witt> 
suggestions  npon  the  Creation  and  Care  of  Woodlands.  By  F.  B.  Hoogh.  Large 
crown  8vO|  lor.  cloth. 

Timber  Importer's  Guide, 

The  Timber  Importer's,  Timber  Merchant's,  and  Builder's 

Standard  Guide,  hy  Kn  if  ARii  E.  Grandv.  Comprisinfj :  — An  An.ilysis  of 
Deal  Standards,  Home  and  Foreign,  with  Comparative  Valuej»  and  Tabular 
Arrangements  for  fixing  Net  Landed  Cost  on  Haltic  and  North  Amerkan  Deals, 
including  all  intermediate  Expenses,  Ficiglit.  Insurance,  t^c.  <S:c.  ;  together  with 
copious  information  for  the  Retailer  and  BuUder.  Third  Edition,  Kevised.  X2mo, 
2s.  cloth  limp. 

"  Everything  it  pretends  to  be :  built  up  gr.nJuan>',  it  leads  omi  fr  r;i  a  forest  to  a  treenail,  and  throws 
in,  ts  a  makeweight,  a  ho»t  of  matcnal  ccoccrniog  bricks,  colunina,  ctstcrns,  &c." — Emgiitk  Mtchanic. 
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D£CORATIV£  ARTS,  etc. 


Woods  and  Marbles,  Imitation  of. 

SCHOOL  OF  Painting  for  the  iMiTATtON  of  woods  and 

MARBLES,  as  Taught  and  Practised  by  A,  R.  Van  der  Bi:rg  and  P.  Van  dea 
Burg,  Directors  of  the  Rotterdam  Painting  Institution.     Royal  foliow  iS^  by  iz\ 

in.,  Illustrated  with  24  full->i.i,'  Coloured  Plates;  al>o  12  plain  PlalCS,  COmprisillf 
154  Figures.    Second  and  Cheaper  Kdition.    Vt\<^tJ^i  its.  (xL 

List  of  Plates. 

T.  Vakious  Toots  RsQuiRSD  rott  Woop  '  limimakv  Stacks  or  Pxocs«s  akd  Pikisszo 

Paintino  — a.  3.  Walni't  ;  PitBttMlitARv  Stack*  \  S»ciMEir.— 19.  MAKOGAltr ;  Spkcimkks  or  VAXt- 
OK  Graining  am>  Fimshfd  Specimen.— 4. Tool*  ocsGkaikb  awd  Mkthods  or  MANiPtx^TioN.— 
INep  fok  Makiii.k  Painting  am>  Mkthod  of  20.  ai.  Mahoganv;  Earlip.r  Sta  .i-  4\t» 
Manipi  LATioN.  —  5.  6    St     Rkmi    N!\i<Bi.F;      FimshedSpkcimf.n.— a2.a3  24-Sii..s.sA  ilAEiin  : 

EaRI  lEK  OpFRATIONS  AM>  l  lNI^UlI     Sm  >    MIN  V'aRIKTIES  OF  GraIN.  pRELIMINARV  StA&F.SANP 

—  7.  MKT  HO  PS  OK  SKF.T<  H  IM  .  I  Ml  >  I  kJ  N  I  (  ,  KAlN.s.         FlNISHF.U  SpECIMKN,  — 25.  26.  2y .  JtMPr  K  \\V>  ; 

Knots   &(  .— 8.  9.  Ash:  Iviiiminarv  Staoks       Mi  th'ms  of  I'kouiting  Grajs.&c      P  ;  r  :  ^ 

ASX>     FlSISHFU     SrKriVFN— U<.     MhTHors    OF         NAKS   Sl\r,»1ANn  J'tNISHtl)  SpfcC  IMtS  — 2S,  ;g 

Sketching  Mardi.k  Grains.— ii.  i:.  Brjche  30.  \\\  x   11    M;  k    NfAKBi.E;  Varieties 

Marblk;  Pbbuminarv  Siaoi  s  of  Working  Grain  and  Methods  of  VVoRkiNc,  Ukfixiskkd 

AMD  FlH»«HBD  SprciMi.N.— 13.  Maple  ;    Me-  and  Finished  SptciMFNs.— 31.         jj.  Oak; 

THODS  OF  pRonrc  iNG  thk  OirrEKi  NT  Grains.  ,  Vametibs  of  Graik.  Tools  EurLOrSD  akv 

 14,  15.   Bird's  Eye  NfAPLs;    Phi  i  iMttCAlkV  '  Mkthoos   or   Makipl  latiox,  P>Si.lmiiAKr 

Stages  AMD  PiMi*HEt>  Specimen.— i^.  Methods  I  Stages  ahi*  Fikished  Spscimbm.-»j4,  ^5,  36 


or  Skktchino  thk  Different  SfEctss  or  f  Wavlsort  Marble;  VARtBTtKs  or  Grain 
White  Uarblk.— t?,  s8.  White  Marble  ;  Pre-     UMriNisKEo  and  Finished  Sfbcimsks. 

•'TT.n<c  \*ho  ilcslrc  t(  ttnin  skill  in  the  art  of  painting  wood*;  .in. I  mrtrbles  will  find  advanti^  ia 
consuUiug  tilts  bovjk.  .  .  Some  of  the  Worlting  Men'sk  Ciubs  should  give  their  young  mes  (Jbe 
opportunity  to  study  it."— /<.v/V.rVr. 

"  A  comprehensive  siiide  to  the  art.  The  explaoattons  of  the  processes,  the  maaipuUtiofi  and  attnSfC* 
mcot  of  the  colours,  and  the  heauiifully  executed  plates  will  not  be  the  l«a*C  VrIurms  to  tiM  tttwltittt  *W 
Rims  at  making  hi*  work  a  faithful  transcript  of  nature."— Atnav. 

Wait  Paper. 

WALL  PAPER  DECORATION.  By  Akthur  Seymour  Jennings, 
AutW  of  "  Practical  Paper  Hanging/*  Witib  numerous  Illustrations.  Demy  Svo. 

[In  /^jfiaraiwt. 

house  Decoration. 

Elementary  Decoration:  a  Guide  to  the  simpler  Forms  of 

Everyday  Act.     i  ogetlier  with  PRACTICAL  HOUSE  DECORATION.    By  Jam£S  \V, 

Facby.   With  numerous  Illustrations.   In  One  Vol.,  5x.  strongly  half-bound. 

House-Painting.  Graining,  etc. 

house-Painting,  graining,  Marbling,  and  Sign  writing, 

A  Practical  Manual  of.  By  ElLIS  A.  DAVIDSON.    Sixth  Edition.   W  iih  Coiourcd 
Plates  and  Wood  Ful; ravings.    I2m0|  6s.  cloth  boards. 
*^  A  massof  iafonnation,  of  use  to  theRmateur  and  of  value  to  the  practical  muu**^Etiit&sJk  ifeeKmmc, 

Decorators,  Receipts  for. 

THE  DECORATOR'S  ASSISTANT:  A  Modem  Guide  to  Decora- 

tive  Artists  and  Amateurs,  Painters,  Writers,  Gilders.  &c.  Containing  upwards  of 
600  Receipts,  Rules  and  Instructions;  with  a  variety  pf  Information  for  General 
Work  connected  with  every  Class  of  Interior  and  Exterior  De  curat  ions.  &c.. 
Fifth  Edition,  Revised.   152  pp^,  crown  8vo,  u,  in  wrapper. 

Full  of  receipts  of  value  to  decorators,  painters.  KilJcrs.  &c.  The  book  ront.uns  the  eistof  Jirctr 
treati»cK  on  colour  and  technical  processes.  It  would  be  dithcult  to  meet  with  a  work  so  fuU  of  mud 
inforniRCioa  oa  th«  painter's  art***--^«Atf(i[V  Ntwi, 

Moyr  Smith  on  Interior  Decoration. 

Ornamental  Interiors,  Ancient  and  modern.  By  j.  Movr 

Smith.  Super-roy.il  8vo,  witii  I  hirty-two  full-page  Plates  and  numerous  wiw 
Illustrations,  handsomely  bound  in  cloth,  gilt  top,  i8x. 


**  The  book  it  well  tUu«trated  and  handsomelr  cot  up,  and  oontaiiis  sona  tme  eiikiciam  ■  «^ 
y  mod  cERmpIc*  ef  d«cofativ«  treatmeoL"— B^dtr.  w  > 
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British  and  Foreign  Marbles. 

Marble  decoration  and  ihe  1  cmiinolog)  of  British  and  Foreign 
Marbles.    A  Handbook  for  Students.    By  George  H.  Blagrove,  Author  of 

*•  Shoring  and  its  Application,"  X:c.   With  2S  Illustrations.    Cr.  8vo,  y.  bd.  cloth. 

"This  most  useful  and  much  wanted  faaadbook  should  t>c  in  the  hands  of  every  architect  and 
hfiWdetr^Buitding  World. 

"  A  rarcfuUy  and  usefully  writtan  treatiae;  tbe  work ia eiaeotialljr  practical."— 5^aiaa. 

Marble  Working,  etc. 

Marble  and  Marble  Workers:  a  Handbook  for  Architects, 

ArtitstSy  Masons,  and  Students.  By  ARTHUR  Lk£.  Author  of   A  Visit  to  Carrara," 
"  The  Working  of  Marble/'  &c.  Smalt  crown  8vo.  as.  cloth. 
*'  A  really  iralaable  addition  to  the  technical  literature  of  architects  and  nia9ou.'*-^fif7dfiff  Ngm$, 


DELAMOmS  WORKS  ON  ILLUMINATIOH  AHID  ALPHABETS, 

A  Primer  of  the  art  of  Illumination,  for  the  Use  of  Beginners; 
with  a  Rudimentary  Treatise  on  the  Art,  Practica!  Diiections  for  its  Exercise 

and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By 

F.  DelamotTE.    New  and  Cheaper  Edition.    Small  4I0,  6.-.  ornamental  hoards. 

*'  The  examples  of  ancieot  MSS.  recommended  to  the  xtudent.  which,  with  much  good  sense,  the 
author  chooses  from  coUcctiaas  acceMible  to  all.  SM  selected  with  iudgaeRt  and  luovledge,  a»  well  aa 

ta  N  t  e .  *  *  —  A  tkettitH  m. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Medieval,  from  the  Eighth 
Century,  with  Numerals ;  including  Gothic,  Chuich-Text,  large  and  small,  German, 
Italian,  Arabesque,  Initials  for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the 

Use   of  Architectural  aiul  Enj^inecrini:  Draui;htsmen,  Missal   Painters,  Masons, 

l>ecorative  Painters,  Lithographeis,  Engravers,  Carvers,  ice.  &c.     Collected  and 

Engraved  by  F.  Dblamotte,  and  printed  in  Colours.   New  and  Cheaper  Edition. 

Royal  8vo,  oblong,  2x.  6d.  ornamental  boards. 

**  For  thoee  who  ioiert  enamelled  sent?n ces  toimd  gilded  chalices,  who  bla^oa  shop  legends  over  shop- 
dooTi«  wiio  leiter  church  walU  with  pulky  seotcoces  Arom  die  De^ogue.  tiu«  book  will  l>e  useful"— 

EXAMPLES    OF   MODERN    ALPHABETS,  Plain  and  Ornamental, 

including  German,  Old  Eni^lish,  Saxon,  Italic,  Perspective,  C.reek,  Hebrew,  Court 
Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ;  with  several 
Original  Designs,  and  an  Analysis  of  the  Roman  and  OU  English  Alphabets,  large 
and  small,  and  Xuraerals,  for  the  use  of  Draughtsmen,  Surveyors,  Masons,  Decora- 
tive Painters,  Eithopraphers,  Enj^ravers,  Carvers,  «.\:c.  Collected  and  Engraved  by 
F.  Delamoti  E,  and  printed  in  Colours.  New  and  Cheaper  Edition.  Royal  iivo, 
oblmig,  zs,      ornamental  boards. 

*' There  is  comprised  in  ir  every  possil<!e  ^hape  into  which  the  letters  of  \hc  :\\\ih:\hct  ami  numcr.ils  can 
bt  formed,  and  the  t  iieni  which  has  been  expended  ia  the  conception  of  the  vj.nous  plain  and  ornamental 
tettefs  is  woodM(ttL"—StmMdard* 

MEDI>EVAL    ALPHABETS    AND    INITIALS    FOR  ILLUMINATORS: 

By  E.  (}.  Delamoitk.  Containin*^  21  Plates  and  Illuminated  Title,  printed  in 
Gold  and  Colours.  With  an  Introduction  by  J.  Willis  Brooks.  Fourth  and 
Cheaper  Edition.   Small  4to,  4^.  ornamental  boards. 

*' A  volume  in  which  the  letters  nf  the  nlpha)>et  come  forth  glorified  in  gilding  and  all  the  Coloan  of 

the  prism  interwoven  and  intertwinr-!  inf!  intermingled." — Sun, 

The  EMBROIDERER'S  BOOK  OF  DESIGN.  Containing  Initials, 
Etublems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical  Devices, 
Mediaeval  and  Modem  Alphabets,  and  National  Emblems.  Collected  by  F.  Dsla- 

MOTTE.  ai-.d  printetl  in  Colours.    Oblong  royal  Svo,  i^r.  6</.  ornamental  wrapper. 

*'  The  hook  will  be  of  great  as«»unce  to  ladies  and  young  children  who  are  eadowed  with  the  art  of 
plring  the  needle  in  chie  moet  ornaaieiital  and  ueefal  pretty  work."— f^i/  Anglian  TimieM. 

Wood  Caruing. 

INSTRUCTIONS  IN  WOOD-CARVING  FOR  AMATEURS;  with  Hints 
on  Design.   By  A  Lady.  With  Ten  Plates.  Ne«r  and  Cheaper  Edition.  Crown 

8vO,  2s.  in  emblematic  wrapper. 

••The  handicraft  of  the  wood -carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from  'A  Lady'i 
puUncatioa.**— i4M^M<nriw. 
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NATURAL  SCIENCE,  etc. 

Ihe  Heavens  and  their  Origin. 

The  Visible  universe  :  Chapters  on  the  Origin  and  Constnic- 
tion  of  the  Heavens.  ByJ.E.  <Jork,  I-.R.A.S..  Author  of  *' Star  Groups. "  4c. 
lUtMtntcd  by  6  Stellar  Photograph!  and  12  Plates.    Demy  8to,  doth. 

*'A  valuable  and  lucid  su!nmar>'  of  recent  astronomical  theory.  readcndoMKCVaiaallicaaiiaSaflDK' 

by  a  »eric<  of  stellar  photoj;r.iph>  and  oihcr  lUuslraiion*.'*— 7*A^  Timet, 

"In  {iresenting  a  clear  and  concise  accuunt  of  the  pre«-ent  ^  late  of  OUT  luiowlwlgtt  Mr.  Gcw  ta» 
made  a  valuable  addiiion  to  tlie  literature  of  the  suVijeci."—  A'a/wr.-. 

"  Mr.  Gore's  '  Visible  L"  ruvprsc  '  i&  one  of  the  finest  u  or tcs  on  aMronomical  science  that  ha\  rrr-nVT 
appearctil  in  our  language.  In  spirit  and  in  method  it  i*  scientific  frcm  cover  to  cover,  but  the  uyksr- 
cicar  and  attractive  that  it  will  b<e  as  acceptable  and  as  readable  to  tbo&e  who  make  no  »cieoiifie  pMM' 
liou  a«  to  thoae  who  elevate  themselves  tfedally  to  matters  aktronomical." — Leeds  Mercury. 
•  **At  ialcrMting;  a«  a  novel,  and  inUruciiM  vithal:  the  text  beinfE  made  »cill  more  laoBaaat  bf 
•tellar  v>hotogrjphs  and  uthei  iUlMMUMMM.  .  .  .  A  most  valuable  hock."— MmtuAtijgr  ,S  raitWr. 

The  Constellations. 

Star  Groups  :  a  student's  Guide  to  the  Constellations.    By  J 
Ellari)  Gore,  F.K.A.S.,  .M.R.I. A.,  vVc  ,  Author  of  **  The  Visible  Univetse,'' 
**Tbe  Sceneiy  of  the  Heavens."   With  30  Maps.    Small  410,  5J.  doth,  almd. 

**A  kaowlcdge  of  the  principal  con*t«Ilatjont  visible  io  our  latitudes  nut j  be 
the  thirty  maps  and  accompanying  text  contained  in  this  work."— .Vrt/i»»if. 

"Thr  voUime  i.  ntains  thirty  in.ifis  showing  stars  of  '.h-  -  J^iiitiidc    the  usv 

—  and  eat  h  is  accominnieti  by  a  briel  <  ommenLar>',  ati.i'jled  t.i  taciiitatc  recognition  and  bnnc  i "» 
objects  of  special  inteic«-t.    For  the  purpose  of  a  prcliniinarv  survey  of  the  "  midnight  porr.,  '  «f  ftr 
heavens,  nothing  could  l>c  letter  than  .1  sc-t  of  deline.ttions  j^vrragini;  scarcely  twenty  Mjuare  lacbmo 
afea,  and  including  nothinj;  that  c.innot  at  once  be  identifier'  ''  —SafMr./ar  Kevitw. 

"  A  very  comp.ict  .^iid  handy  fotde  to  liac  cOMtei laiions. "—A tktmetmm. 

Astronomical  Terms. 

AN  ASTRONOMICAL  GLOSSARY  ;  or,  Dictionary  of  Terms  used  ia 
Astronoiny.  With  Tables  of  Data  and  Lisu  of  Reiiiar!<able  and  latcicstiBg 
Celestial  Objects.    By  J.  Ei.lard  Gore,  F.R.A.S.,  Author  of  **The  Viskk 

Universe,"  &.c,    Sm.nll  crown  8vo,  2s.  6i/  cloth 

"A  very  useful  little  work  for  bej^ianers  in  astronomy,  and  not  to  be  despi-^d  by  mere  Adtarrti 
•tudeiits  "     I  hi-  I  nn.  > 

"A  very  bandy  but  k  .  .  .  the  utility  of  which  is  much  increased  by  its  valuable  tables  of  asu»- 
aoaucal  data."     I  he  AthtUirum. 

"  .Astrnnunicrs  of  ail  kinds  will  be  glad  to  have  it  for  reference."— C^jMn^MiB. 

The  Microscope 

The  Microscope  :  its  Construction  and  Mana^emenL  lacladii^ 
Teehnique,  Photo-micrography,  and  the  Past  and  Future  of  the  Microscope.  Ef 

Dr.  Hi  NRi  v.\N  HEUkCK,  Director  of  the  Antwerp  liofnnnical  Gardens.  Kng&a 

Edition,  Re-Edited  and  Augmented  by  the  Author  frcm  the  l  ourth  French  Editic^i. 

and  Translated  by  Wynne  E.  Baxtsx,  F.R.M.S.,  F.G.S.,  is:c.    About  40opago, 

with  Three  Plates  and  upwards  of  250  Woodcuts,  imp.  Svo^  i8x.,  cloih  gilt. 

"This  is  a  translation  of  a  well-known  woik,  at  eace  popular  aad  coeapwheiMwe^  <w  the  UnMBi* 
mechanism,  and  use  of  the  microscope." — Timet. 

••  The  translation  is  as  folioltous  as  it  is  accurals."— Nefarf. 

Astronomy. 

astronomy.  By  the  late  Rev.  Ror.ERT  Main,  M..^.,  F.R.S.  Third 
Edition,  Revised  by  WILLIAM  Thynne  Lynn,  B.A.,  F.  K.  A. 6.,  formerly  of  tk 
Royal  Observatory,  Greenwich.    12010, 3/.  cloth  limp. 

"A  sound  .ind  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  beginners  '*  A'awmA^P*' 
"  Accurately  brought  down  to  the  rcqMircmeutt  of  the  present  time  by  Mr.Lyna." — rrnrat/  Tmm. 

Beoent  and  Fossil  Shells, 

A  MANUAL  OF  THE  MOLLU8CA  :  Being  a  Treatise  on  Recent  and 

Fos.sil  Shells.  ByS.  P.  Woodward,  A.L.S..  F  G  S  .  late  Assistant  Palaeooldopfl 

in  the  British  Museum.  With  an  Appendix  on  Rhclm  and  Fi^ssil  Concholc>;i- 
CAL  Dii>LLiVKKits  by  Kai  I'M  Tatr,  F.G.S.   llluatr.ited  by  A.  N.  Waio- 

HOUSE  and  Joseph  Wilson  Lowrv.    With  23  Plates  and  upwards  of  y» 
Woodcuts.    Reprint  of  Fourth  Edition  (iS8o\    Crown  Svo.  "js.  6d.  cloth. 
'  A  most  v.iluab]e  storehouse  of  coocbological  and  geological  informatioo."— >SicMM<v  Gmi^ 

Geology  and  Genesis. 

THE  TWIN  RECORDS  OF  CREATION  ;  or  Geology  and  GenesLS 
their  Perfect  Harmony  and  Wonderful  Concord.  By  G.  W.  V.  x.s  Vaux.  Sto,  51.  d. 

"  A  valuable  r  titril  iitiim  to  the  evitlences  of  ReveLition,  and  disposes  very  conclusively  of  the  tr»»- 
tnenu  of  those  who  would  set  God's  Works  against  God's  Word.  Ho  real  difhculty  is  shirked,  aada* 
sop|iit:ry  iitcftuneapoaed.**— 74r/rrr*. 
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DR.  LARDtiER  S  COURSE  OF  NATURAL  PHILOSOPHY. 

The  Handbook  of  Mechanics.     Enlarged  and  almost  re-written 
by  Bknjamin  Luewy,  F.R-A.S.    With  378  lUustralions,    Post  8vo,  Gs.  clotli. 

"The  p*r^pianty  of  the  original  has  been  retained,  and  chapters  vrhtcli  liaJ  become  obiolefe  Iikv* 
\}ftn  repl.«cc<l  ':  V  iLhcrv  ,f  Din:  iiicnlem  charartcr.  Tlie  e x plana ri  r.  thronchotit  arc  studiously  popular, 
and  care  has  bcca  taken  to  show  the  application  of  tlic  v^rioud  branches  of  physics  to  the  industrial  arts, 
aadto  the  practical  business  of  life." — Afim  nc  7 

"  Mr.  Loewv  has  carefully  revised  the  book,  and  brought  it  up  lo  modern  requirements." — Nature. 

"  Natural  philosophy  has  had  few  exponent*  more  able  or  better  skilled  in  the  art  of  popularising  th« 
mlMct  than  Dr.  Lardacr :  and  Mr.  U>ewjr  it  doing  good  lennce  ia  fitting  thia  troatiae,  and  the  othcn 
of  the  terici,  ibrttie  at  die  pracni  tioie.**— Aw/««mj». 


The  hai^dbook  of  Hydrostatics  and  pneumatics.  New 

Edition,  RevtMd  and  Enlarged  by  BBN|AltiN  LoBWV,  F.R.A.S.    With  036 

Illustrations.   Post  Stro,  5^.  cloth. 

"  For  those  *  who  desire  to  attain  an  accurate  knowledge  of  ph7«cal  acience  without  the  profouad 
methods  cf  mathenuitical  investigation/  this  work  is  not  merely  intended,  but  well  adapted."— cVfcmriira/ 
Htm. 

•*The  volume  before  us  has  been  carefully  edited,  augmented  to  nearly  twice  the  hulk  of  the  (ormer 
edWon.  and  .ill  the  most  recent  matter  lias  hr-cn  added.    .    .    .    1 1  is  a  valuable  1 1  \ i - 1 1  »ok." — N*i!u<i. 
*'  Candidates  for  pass  exaunioatioas  wdl  find  it,  we  think,  specially  suited  to  iheir  requiremenu."— 

The  Handbook  of  heat.   Edited  and  almott  entirdy  re^written 
hf  BK.XIAIIIII  Lo£WV,  F. R.  A.S.,  &e.   1 17  IllnstratioDS.   Pott  8vo^  fit.  doth. 
;"rhe  style  is  always  clear  and  predtc,  aad  «oav«ya  iastmctioM  without  laavioig  anj  ^ovdiacM  or 

lurking  doubts  behind." — EngineeriKg, 

"  A  most  exhaustive  book  oo  the  Subject  OA  which  it  treau,  and  is  so  arranged  that  It  can  be  wider* 
d  by  alt  who  desire  to  atiaio  an  aecnraie  knowledge  of  physical  acieoce.  .  •  •  Mr.  Loewy  hae 
■ded  all  the  laiert  diacoveriet  in  the  varied  laws  and  effeeu  of  henl.*'— JP/mdbnl. 
**  A  oomptele  and  handy  text*book  for  the  uee  of  iiodenn  and  genenl  nmAim.*'—Eit^tk  MUekmmic, 

The  handbook  of  Optics.   By  Dionysius  Lardner,  d.c.l., 

formerly  Professor  of  Xatural  I'liilosophy  and  Astronomy  in  University  College, 
London.  New  Edition.  Edited  by  T.  Olvrr  Harding,  6.  A.  Load.,  of  University 
College,  London.    With  29S  Uliutrations.    Small  8vo^  448  pages,  5^.  cloth. 


"  Written  by  one  of  th«  ableftt  SigUih  tdentific  irriien,  beautiAiltf  aod  elaborately  ilhaeirated.*' 

The  Handbook  of  Electricity,  magnetism,  and  acoustics. 

By  Dr.  LARf)N>:R.    Ninth  Thousand,     Kdited  by  GbOw  CARKY  FOSTER, 
F.C.S.    With  4CX3  Illustrations.    Siauii  bvo,  5^.  cloth. 

'"niobook  could  not  have  been  entrusted  to  anyone  better  caleulaled  to  pteiervf  the  lerae  and 

lucid  style  of  lArdner.  while  correcting  his  errors  aad  brtngiag  up  hil  wwfc  10  the  prMOnt  State  of 

sticnlific  knowledge."— /"t'/w/.ir  jrrA«i-«-  Rrvtf.v. 

The  handbook  of  astronomy.  Forming  a  Coaipanion  to  the 
"Handbook  of  Natural  Philosophy."  By  Dionysius  LardNBR,  D.C.L., 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University  College, 
London.  Fourih  Edi'inn.  Revised  and  Edited  byKfnviN  Dunkin.  F.K  A.S., 
Koyal  Ubser\'atory,  Greenwich.  With  38  Plates  and  upvvaids  of  ioo  WuoUcuts. 
In  One  VoL,  small  8vo,  550  pages,  91.  bd,  doth. 

"  Probably  no  other  1>ouk  coiUains  the  same  amount  of  information  in  so  compendious  aod  wett« 
arranged  a  form— certainly  none  at  the  price  at  which  this  is  offered  to  the  public."— v^M^mmmt. 

*nVe  can  do  no  ether  than  pronounce  this  work  a  most  valuable  manual  of  attranomy,  and  vre 
strongly  reconunend  ic  le  all  who  wish  to  aoquim  a  geoeial-'but  at  the  saoM  time  comet— aoquaintaaee 
with  this  snUime  setenoe.**— ^iMH!rr)>  yommal  •/ Scitnet. 

**  One  of  the  most  deservedly  popular  books  on  the  subject  .  •  .  We  would  recnmmenri  not  only 
the  Student  of  the  elementary  prtnciptes  of  the  science,  but  himwhoaimt  at  nasterin^  the  higher  and 
■aihetaticd  branches  of  aitnmomy,  not  to  be  without  this  work  beside  \Sim!*'-^PtmcUcml  M^tuimt* 

Geofogy. 

Rudimentary   Treatise   on  Geology,  physical  and 

HlSTOmCAL.   Consiatine  of  **  PHYSICAL  GBOI.OGY/'  which  sets  forth  the  Leading 

Principles  of  the  Science  ;  and  "  Historical  Gf.ot.oc.y,"  which  treats  of  the  Mineral 
and  Organic  Conditions  of  the  Earth  at  each  successive  epoch,  eupcciai  rclcrence 
hnng  made  to  the  British  Series  of  Rocks.  By  Ralph  Tatk,  A.L.S  ,  F.G.S., 
&c.  cvc.    With  250  Illustrations.    i2mo,  5/,  doth  boards. 

"Thefuloessof  the  matter  has  elevated  the  baok  into  a  naouaL  Its  ioforoutioa  ia  exhatstive  and 
vnH  tanagtAT'SekMl  BMrdCkr9$ueU. 

c 
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OR.  UMHEft'S  MUSEUH  OF  SCiEHCB  AHO  ART. 
THE   Museum  of   science  and   art.     Edited  hf  Diomus 

I.ARDNKK,  D.C.T  ..  formally  I'rafef-or  of  Natural  Philosophy  ami  Astrnn^y  b 
University  College,  London.  With  upward*^  of  1,200  Engravings  on  Wood,  kft 
double  Yolumes,  £1  in  a  new  and  elegant  cloth  oinduig ;  or  hmdm^ 
bottikd  in  half  morocco,  31/.  6d, 

•,*  Opiwiohs  op  the  Pbsss. 

"Hm".  !i<-ncv.  1  c-ilrii  nff'  -.H- ■(.ul.ir  I  lit  "-ouiid  io'-tnirtinn  on  fcientific  ■itiliiects,  with  wbtrt  tbt 
humblc«i  nt.)n  in  1 1  country  oiishi  to  be  acquainted,  ali*o  uiidert^ikes  that  teachinit  of  *  Ccmmoa  Ths^f-' 
which  every  \\  isher  of  hi»  kind  is  anxious  to  promote.  Many  thousand  copien  of  this  scnict^s 
publication  bav«  l«e«n  pvint«d,  in  lh«  bclwf  and  hope  that  tbc  de»i(«  for  inMructioo  and  iatiiovuKB 
widely  pravaib;  and  we  hate  no  fear  tliM  Mieb  cail«tlitaN«il  fiuih  wU  sMet  eridi  diaappoiMHSM.*- 
'J  k4  tim«$. 

"  A  cheap  and  tntefetting  imblicatiom.  alike  {nfonainir  and  aitiactive.  The  jMpcr*  oeailMM  nli}«at 
of  tnportiince  and  great  tdcatilic  knowledge*  cooaidtrable  iaduciive  powcf«,aM  «  popafaasik'' 

treatment." — Sj^ttU»r. 

"Tiir  '  Mus.-ii  ,  rf  ■riK''  Art'  is  tlic  rno«t  valuable  conlrnnitioii  ihat  hAS  cv^r  '-e-rn  sa^  t: 
the  s.  icuiiiiL  iii^ti i.Lti  n       ctff>  I  l.i^^  ot   v>ciety." — Sir  I)a%'iu  liktvsvT  tK,  in  the  A.v.-iT  Brum 

'■  WJicthtr  we  conoicicr  the  Ubcr^liiy  and  beauty  of  the  iilusiraiioos,  the  rh^rm  of  t^l<^  '•ritift^.Of 
the  ilur.ille  interest  of  the  matter,  we  must  express  our  belief  that  there  i*  hanllv  to  I'C  foun.l  irnon^tbt 
new  book*  one  that  wouhl  be  wclcoiacd  by  people  of  m>  oianjr  ages  and  daaaca  aa  a  valuable  pic«cai.*~ 

Se/antt  UoktftnmeJ  from  the  above,  suitaUeftr  WwrkmttCs  Likrmm^ 

Sdtnce  Classes^  «2r'r. 

Common  Things  Explained.    Containing  Air.  Earth.  Fire,  Water,  Time,  Mar, 
the  Kye,  Locomolioo,  Colour,  Clocks  ami  \\  aicues,  «bcc.    23J  iiiu:>ir2.aoai,  do'^ 

The  Microscope.    Containing  Optical  Images,  Magnifying  Glasses,  Origin  ud 

Description  nf  thi- M!crn^cf»pf,  Microscopic  OViiecf5,  the  Sniar  Microscope,  Him' 

scopic  Drawmi^  anj  l.ii.;t.iviiiL;.  c^c.     I47  lllu^lra'aon^,  cloth  gilt,  2x. 

f  opuiar  Geology.    Contammc  fcarthrpakcs  and  Volcanoes,  the  Oust  of 
Earth,  &c   floi  lUustrattons,  clotli  fiilt,  a/.  6^. 

Popular  Physics.     Coniaimn^'  M.i;^Miitu>ie  and  Minuteness    tbc  AtowsplMte^ 
Meteoric  S-nnes  I'opular  Fallacle^,  W  tailier  Prognostics,  the  TTlieilMMMUr,  the 

Itarometer.  Snuiid.  iS:c.    85  Illustrations,  cloth  giit,  Zs.  6d. 

Steam  and  its  Uses.    Including  the  Steam  Engine,  the  Locomoti%'e,  and  Suaa 
Navigation.   89  Illustrations,  cloth  gilt,  2s. 

Popular  Attronomy.   Containiiw  How  to obienre  the  Heavens.   The  Earth,  Sea, 

Moon,  Planets.    I.T;^ht,  Cometi,  Eclipses,  Astronooiical  Inflaciioes,  &c   ttt  Ubs* 

trations,  cUsth  L'ilf,  .\r  (y.i. 

The  Bee  and  White  Ants:  Their  Manners  and  Habits.     With  lllastiatk»i» of 
Animal  Instinct  and  Intdligence.    1 35  lUustrations,  doth  gilt,  a«. 

Thn  Elcelrie  Telegraph  Popularited.     To  render  intelligible  to  all  who  cn 

Read,  irrespective  of  any  j^rcvious  Scientific  Acquirements,  the  varioos  fonw  of 
f  eiegrapby  tn  Actual  Operation.    100  lUustratiob&,  doth  gilt,  ijr,  61/. 


Or.  Lardtier'a  Sohooi  Hanttbook$. 

Natural  Philosophy  for  Schools.  By  Dr.  Lardmbju  3** 

Illustration"^.    Sixth  Edition.    One  Vol.,  Jj.  M.  cloth. 

"  A  very  convenient  cla<ui-bool£  for  junior  atudcnts  in  private  achooU.  It  is  intended  to  ran'^ty,  is 
c1e«r  and  precioe  terms,  general  noiioas  of  aU  tko  priactpal  diviiiona  of  Pkyikal  Science.**— Apw^ 

QtUtrtetly  Kct  irxv. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.    By  Dr.  Lardncr.  Willi 

i'>o  Illustrations.    Second  Edition.    One  Vol.,  y.  6d.  cloth. 
"Clearly  wiitten,  wet!  :irr:\n?f-''f .  .in.!  exrell^ntly  \]\vi%tratfd."—CiirJfHtr's  CkranieU» 

Lardiierand  Bright  on  the  Electric  Telegraph. 

THE  ELECTRIC  TELEGRAPH.    By  Dr.  Lardnfr.    Revised  and 
Re  written  by  £.  B.  BklGKi,  F.K.A.S.  140  Illustrations.  Small  8yo,2j.  6^«€kKiu 
**  One  of  the  meal  icadaUe  books  extani  on  the  E1«etricTelcgrapli.'^.f  Mftciimie. 
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GHEBCICAL  MANUFACTURES,  CBBMX8TBT,  efco. 

Chemistry  for  Engineers,  etc, 

ENGINEERING  CHEMISTRY  :  A  Practical  Treatise  for  the  Use  of 

Analytical  Chemists,  Engineers,  Iron  Masters,  Iron  Founders,  Students  and  others. 
Comprising  Methods  <>f  Analysis  and  Valuation  of  the  Principal  Materials  used  in 
Engineering  Work,  with  numerous  Analyses,  Examples  and  Suggestions.  By  H. 
Joshua  Phillips,  F.I.C.,  F.C.S.,  Formerly  Analytical  and  Consolting  Chemist 
to  the  Great  Eastern  Railway.  Second  Edition,  Revised  and  Enlarged.  Crown 
8vo,  400  pp.,  with  Illustrations,  lox.  6t/.  cloth.  {Just published, 

"  In  this  work  the  author  has  rendered  no  small  service  to  a  nuoMrous  body  of  practical  meo.  .  . 

The  analytical  methods  may  bs  pronouoeed  aioec  satiilMiary,  beiag  as  accttiaia  as  tba  daipatch  lequirad 

«f  cncineerinK  chemisis  pennili."--rAM»/tftt/  tVnM. 

Those  in  search  M  a  handy  treatise  on  the  subject  of  analytical  chemistry  as  apptlad  to  the 

«ver]r-day  requirements  of  workshop  practice  will  hnd  this  volume  of  rreat  assistance."— /row. 

"The  first  attempt  to  hrtn^  forward  a  Chemistry  specially  written  for  the  use  of  wnKineers.  and 

•we  have  no  hesitation  whatever  in  s.iyin^^  that  it  should  at  once  be  in  the  possession  of  every  railway 

^nf^mer."— The  Railway  En^inetT. 

"The  book  will  be  very  useful  to  those  who  require  a  handy  ami  concise  rt'jMwit  of  approved 

methods  of  analysing  and  vaiuinK  metals,  oils,  fuels,  ^^c.    It  is.  in  fact,  a  work  for  chemist i  ^uuie 

to  the  routine  of  the  engineering  laboratory.  .  .  .  The  book  is  full  of  good  things.   As  a  handbook  of 

technical  analysis,  it  is  very  welcome. "-—i^iiiWrr. 

"  Considering  the  extensive  grovnd  which  such  a  sabject  as  Bngineariog  Cbemistrv  covers,  iha 

work  is  complete,  and  recommeaas  its^to  both  tba  practMiog  analyst  and  the  analytical  student."— 

Chemical  TratU  Journal. 

"  The  analytical  methods  ^van  are.  as  a  whole,  soeh  as  sre  likely  to  fj^ve  rapid  and  tmstworthy 
results  in  nparienoed  hands.  .  .  .  Tbere  is  much  excellent  descriptive  matter  in  the  work,  the 

chapter  4MI  *  CHIs  and  Lnbricatioo '  beiog  specially  noticeable  in  this  respect."— JEit^WMr. 

The  Alkali  Trade,  Manufacture  of  Sulpliurio  Acid,  &c. 

A  Manual  of  the  alkali  Trade,  including  the  Manufacture 

of  Sulphuric  Acid,  Sulphate  of  Sod.i,  and  Bleaching  Powder.  By  John  Lomas, 
Alkali  ManufacturLM",  Newcastle-upon-Tyne  and  London.  With  232  Illustratioji* 
and  Working  Drawings,  and  containing  390  pageii  of  Text.  Second  Edition, 
with  Additions.    Super-royal  8vo,  £l  tor.  cloth. 

"This  book  is  written  by  a  manufacturer  for  manufarturer*.  The  working  details  of  the  most  ap- 
proved forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  a;ja  wood  en^raviogs,  ail 
<-,(  whit  h  may  be  u<.cd  for  the  purpose-  of  construction.  Every  step  in  tiM  mstnifsftlirv  W  TffTT  fllttiy 
deN<;rii)«-.l  m  ihis  minu.il,  and  each  improvement  explained." — A  tkfn,rnnt. 

"  \Vc  find  not  merely  a  snunJ  and  luminous  explanation  of  the  chemical  principles  of  the  trade,  but  a 
notice  of  numerous  matters  which  have  a  most  important  liearins  on  the  successful  conduct  of  alkali  works* 
Imc  which  are  fsaetally  overieoked  by  awn  csperiencsd  technological  anthors.**— dMsftia/ J?«ni!rw. 

ThB  Blowpipe, 

The  Blowpipe  in  chemistry,  mineralogy,  and  Geology. 

Containins;  all  known  Metlio<1s  of  Anliydrous  Analysis,  many  WorkinL:  Kxamplt-s, 
and  Instructions  for  Making  Apparatus.  By  Lieut. •Colonel  W.  A.  Koss,  K.A., 
F.G.S.  With  120  Illustrations.  Second  Edition,  Revised  end  Enlarsed.  Crown 
8vo,  5j.  cloth. 

"  The  student  who  goes  consdeatiously  through  the  course  of  experimentation  here  laid  down  will 
(Cain  a  better  insight  into  inorganic  chemittry  and  mineralogy  than  il  he  bad  'got  up '  any  of  the  host 
cext  boolu  of  the  day,  and  pa.^scd  any  number  of  esaouoatioos  in  their  COatMta."— CilMW(4l/ AiriM. 

Commercial  Chemical  Analysis. 

The  Commercial  Handbook  of  Chemical  analysis  ;  or. 

rractical  Instructions  for  the  determination  of  the  Intrinsic  or  Commercial  Value 
of  Substances  used  in  MMm&ctitres,  In  Trades,  and  in  the  Arts.  By  A.  Normandy, 
Editor  of  Rose's  "Treatise  on  Chemical  Analysis."  New  Edition,  to  a  great 
extent  re- written  by  Henry  M.  Noad,  Pb.D.,  F.R.S.  With  numerous  illus- 
trations.  Crown  8vo,  12^.  &/.  ctoth. 

"  Wc  ^trottglynMonmend  this  boot:  to  our  readers  as a  guide,  afilce  iadi^pcasaUa  to  Ihahonstwife 

AS  to  the  pharmaceutical  practitioner.'' — .1/  Ttntet. 

"  Essential  to  the  .tnalysts  appointed  under  ti.e  new  Act.   Th«  SMMt  rSOSntrsSoltS  an  f||«sa,  aadtho 

work  is  well  edited  and  carefully  written." — Naturt, 

Dye' Wares  and  Colours. 

The  Manual  of  Colours  and  Dye-Wares  :  Their  Prc- 

perties,  ApplicationB,  Valoations,  Impurities,  and  Sophistications.  For  the  use  of 

Dyers,  Printers,  Drys.^Uers,  Brokers,  cVc.    By  J.  W.  SlATBR.    Second  Edition, 
Revised  and  greatly  Enlarged,  crown  8vo,  Js.  6a'.  cloth. 
'  *  a  complete  encyclopedia  of  the  mattria  tittctarUt.  The  information  given  respecting  each  article 
is  hiXi  xuid  precise,  aad  the  methods  of  determining  the  value  of  articles  such  as  these,  so  liable  to  si^his- 
cication,  are  givea  with  clearness,  and  are  practicafas  well  asTBiaaUo.*'— CA#Mfrf  Dmggitt.^ 

"  There  is  na  other  work  which  covers  precisely  the  sano  ground.    To  studenu  pnpsitBg  for 
examinations  ic  dyeing  and  printing  it  wiU  prove  exceedingly  ttSsfw.*— CAr«MV«f  N*mM, 
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Modem  Brewing  and  Malting, 

A  HANDYBOOK  for  BREWERS:  Being  a  Practical  Guide  to  ibe 
Art  of  Brewing  and  Malting.  Embracing  the  Conclusions  of  Modern  Rtseuck 
which  bear  upon  the  Practice  of  Brewing.  By  Herbert  Ldwakds  Wucbi. 
M.A.,  Author  of  **A  Handbook  fw  YouBg  Brewers."  Crows  Sto,  531) 

12s.  bJ.  cloth. 

"  Mav  hf  consulted  with  advantage  by  th«  student  who  is  preparint;  himself  for  eiamiciij:2i] 
tett«,  wliiie  liic  scientific  brewer  will  find  in  it  a  tisumc  of  all  the  most  important  discovciescj 
modern  iituet.  The  work  it  written  tbroiMbout  in  a  clear  and  concise  manner,  ud  the  aoUKx  laka 
freat  c  < rt;  to dlacriminate  between  vagne  tneoriea  and  well-established  facts."— Brawn'  JmvL 

"  We  have  great  pleHura  in  recomneBdiof  this  handybook,  and  have  no  hestutua  m  nyia|ika 
it  it  oaa  of  the  best— «  not  the  best— which  baa  yet  been  wtitun  00  the  subject  of  beefbreviaf  la  Aii 
COOMnr.  it  should  have  a  place  on  the  shelves  of  every  brewer's  libavY."— ^rrmrr'j  GMmrditm. 

"Although  the  rtquiremenit  of  the  student  are  primarily  considered,  an  acqaaiataaoe flC Ufo- 
ho'ir's  '  uratinn  cannot  fall  tn  irrprrs\  ific  ;  ^  t  cal  bre»er  with  the  sense  of  haviag  ituadatnaRNMlf 
guiUe  and  practical  counsellor  in  brcMcr>  inuttcri."— Trmde  Joumal, 

Analysia  and  Valuation  of  Fuels. 

Fuels  :  Solid,  Liquid,  and  Gaseous  :  Their  Analysis  and 

Valuation.  Fur  the  Use  of  Chemists  and  lingineers.  By  H.  J.  THiLLirs,  F.CS^ 
Fonnerljr  Analytical  and  ComuldiiK  Cbemiat  to  the  Great  Easton  RaOnf. 

Second  Edition,  Revised  and  Enlarg^.    Crown  8vo,  5/,  cloth. 

**  Ought  to  have  its  place  in  tbe  laboratory  of  every  OMtallorgiad  esubliahmeat,  and  wiwrcnr 
fbol  ia  mad  on  a  large  scale."— CikMH^Mf  News. 

•'  Cannot  UU  lo  be  of  wida  lataraat,  capadallj  at  tbe  piaient  tiiae."->J2«i2wv  A'mt* 

PJgments. 

The  ARTISTS'  Manual  of  Pigments.    Showing  thdr  0«- 

position.  Conditions  of  Permanency,  Non- Permanency,  and  Adulteration;  fJSeCH 
in  Combiuation  with  Each  Other  and  with  Vehicles  ;  and  the  most  Reliable  Test* 
of  Ptirity.  Together  with  the  Science  and  Aru  Department's  Examination  <>e- 
tions  on  Painting.  By  H.  C.  .Si  ani>a<;e.  Se  ond  Edition,  crown  Svo,  2s  W.  c  '"- 

"  This  work  is  indeed  mmUmm-im-^rpp,  and  we  can,  with  good  conscience,  recommend  it  to  ail  •» 
COM  in  contact  with  pigOMatt,  whether  at  aialfieta»  dealen.  or  w»tn,-'-CAtmiuU  Xtvim. 


Gauging,  Tabiee  and  Rulee  for  Reoenue  Officers,  Brewers,  <e. 

A  POCKET  BOOK  OF  MENSURATION  AND  GAUGING  :  Cootduo{ 

Tables,  Rules,  and  .Memoranda  for  Revenue  Officem,  Brewers,  Spirit  Mcrchants.fc- 

By  T.  I?.  Manx  (Inland  Revenue).    Second  Edition,  Revised.    iSmo,  4;.  lca:ber. 

"  Thii  handy  and  useful  hook  is  .idaptcd  to  the  requirements  of  the  IiihinJ  Rcveoue  l>epartE*»:. 
and  will  be  a  favourite  book  <■('  rrr.  rrn  j'r  The  ranjje  of  Miliar,  ^^  is  coniprchciiNive.  and  the  arranjeiKS' 
aimpla  and  claar."— CVW/im.   "  Should  be  la  tha  hands  of  every  practical  brewer."— ^mwn'  Jfiff^ 


XMDUBTRIAL  ARTS,  TRilDES  AND  MANUFACTUBES. 

Cotton  Spinning. 

Cotton  Manufacture:  a  Practical  Manual.  Embracing  th 
various  operations  of  Cotton  Manufacture,  Dyeing,  &c.  For  the  Use  of  Opcri 
tives,  Overlooken  and  Manufactniers.  By  John  Lister,  Technical  Instnictw, 
Pendleton.  With  numerous  lUnstTMUMi*.  Demy  8vo^  71.  ei^.  doth.  [JmstfMukL 

Fiour  Manufacture,  Milling,  etc. 

Flour  Manufacture  :  A  Treatise  on  Milling  Science  and  Prac 
tice.  By  Frikdrich  Kick,  Imperial  Regierungsrath.  Professor  of  .Mecbanjcil 
Technology  in  the  Imperial  German  Polytechnic  Institute.  Prague.  TransUiw 
from  the  Second  Enlarged  and  Revised  Edition  with  Supplement  By  H.  H.  P 
Powi.ES,  Assoc  Memb.  Institution  of  Civil  Engineers.  Nearly  400  pp.  IllosUawJ 
with  28  Folding  Plates,  and  167  Woodcuts.  Roy.  Svo,  ay.  cloth. 

«t.  *']2»»3f'»*U«««»''«»»  fen^         sundard  authority  on  the  scicn  c  of  nulling  • 

The  tuner  Wto  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a  »uccei.Ai 
career;  he  will  have  acqmred  a  number  of  general  principles  whi  h  h  -  can  proceed  to  applr.  iBt^ 
bandiome  volume  we  at  last  have  the  .icccptcd  text-book  of  modem  milUn^'  in  cood.  sound  EoftA 
Which  has  littir  ,  if  .-iiiy,  oace  oi  the  (ierni.m  idiom."— TVlr  MilUr 

  "The  appearance  of  tLis celebrated  work  in  EngUah  is  very  oppoftmc  and  Briiiih  ■iOmwil^** 

wwk  Boi  ba  tlow  ia  avaiJiair  tboBualm  of  its  iSSiF'^ilbH'Z^MS!! 
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Agglutinants. 

Cements,  Pastes,  Glues  and  Gums  :  A  Practical  Guide  to  the 

Manufacture  and  Application  of  the  various  Agglutinins  required  in  the  Building, 
Metal- Working,  Wood-Working,  and  Leather- vv^king  TradeSi  and  for  Workshop, 
Laboratory  or  Office  Use.  With  upwards  of  900  Recipes  and  FormuK-e.  By  H  C. 
Standage,  Chemist.    C  ruun  8vo,  2s.  6d.  cloth.  {Just published. 

^**We  have  pleasure  in  ^pcakm^  favourably  of  this  volume.    Sn  far  as  we  have  had  experience, 

which  is  not  inconsitl  r  l  l  \  tii l^  manual  is  truuworihy." — AthtnauM. 

"As  n  revelation    1    iUiat  arc   considered    trade  secret*,  ihi*  t-ook  will  arouse  an  amount  of 
«Cttno$ily  .inii  i:^  ihc  \:<T^'^  number  of  industnc*  it  touches."    Pai!y  C ht t  an  ie . 

"  In  this  goodly  coHeciion  of  recipes  it  would  be  strange  if  a  cement  lor  any  purpose  cannot  be 

THE   ART   OF  SOAP-MAKING  :  A  Practical  Handbook  of 

^Tnnufacture  of  Hard  and  Soft  Soap-;,  Toilet  Soaps,  &c.  Including  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys.  By 
Alucandbr  Watt.    Fourth  Edition,  EnlaTgcd.  Crown  8vo,  7x.  6d»  doth. 

''  The  work  will  prove  very  u'^efal,  not  merely  to  the  technological  student, but  10  the pTMticil nap- 
t>oilcr  who  wishes  to  understand  the  theory  of  his  art." — Chtmical  .Vfivs. 

' '  A  thorou|;hly  practical  treatise  on  an  art  which  has  almost  no  literature  in  our  language.  Wc  con- 
s:ra(u'nT?  (henuthor  on  the  «uccea»  of  his  endeavour  to  &U  a  void  ia  English  t«chiiicallitefaiui«.''—AWM>v 

Paper  Making. 

Practical  paper-making:  a  Manual  for  Paper-makers  and 
Owners  and  Managers  of  Papcr-Mllls.   With  Tablet,  Calcnlatlons,  &e.    By  G. 

Clapperton,  Paper-maker.  With  lUnstiations of  Fibres  from  Micro- photographs. 
Crown  Svo,  5^.  cloth.  ptiblislud. 

"The  author  caters  for  tht-  requirements  of  responsible  mill  hands,  apprentices,  &c.,  whilst  his 
Kianual  will  be  found  of  ureat  service  to  students  of  tccliuoloKy.  as  well  ,is  to  vet«  rau  p  iper-niakere 
and  mill  owners.   The  illustrations  form  anexcelicDt  fiaturc."— f/i^  World'i  Paper  Trade  Review. 

'■  We  rcconunend  everybody  interested  ia  the  trade  10  get  a  copy  of  ihts  thoronflily  practical 

4>ook.'*— ftf/><  r  Making, 

Paper  Making. 

The  art  of  Paper  Making  :  A  Piactical  Handbook  of  the 
Manufacture  of  Paper  from  Rags,  Esparto,  .Straw,  and  other  Fibrous  Materials. 
Including  the  Manufactuie  of  Ptilp  from  Wood  Fibre,  with  a  Description  of  the 
Machinery  and  Appliances  used.  To  which  are  added  Details  of  Proce«»s  for 
Recovering  Soda  from  Waste  Liquors.  By  Alexander  Watt,  Author  of  "The 
Art  of  Soap-Making.*'   With  lUustrations.   Crown  Svo,  7'-  cloth. 

"  It  may  be  regarded  as  the  standard  work  on  the  subject.  The  book  is  full  of  valua' 'c  informa- 
tioa.  Tbe  '  Art  ot  Paper-making,"  in  every  respect  a  model  of  a  text-book,  eitber  lor  a  tuclinicAl 
class,  or  for  tbe  private  smdeni.^'— Pa^r  «m  Prwtittg  TnUla  y«urHat, 

Leather  Manufacture. 

The  art  of  Leather  Manufacture  :  Being  a  Practical 

Handbook,  in  which  the  Operations  of  Tanning,  Curryini;.  and  Leather  Dressing 
are  fully  Described,  and  the  Principles  of  Tanning  Explained,  and  many  Recent 
Processes  Introduced;  as  also  Methods  for  the  Estimation  of  Tannin,  and  a 
Description  of  the  Arts  of  (ilue  Boiling,  Gut  Dressing,  &c.  By  Alexander 
Watt,  Author  of  *' Soap-Making,"  &c.  Second  Edition.  Crown  iivo,  9-'.  cloth. 
*'  A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.  The  book  i«  an  eminently  valuable 
production,  which  redounds  tn  the  credit  of  both  autbor  and  publiabers."— CArMiiea/  JUtvinn, 

Boot  and  Shoe  Making. 

The  art  of  boot  and  shoe-Making  :  A  Practical  Hand- 
book, including  Measurement,  Last-Fitting,  Cutiing-Out,  Closing  and  Making, 
with  a  Description  of  the  most  approved  Nfachinery  Employed.    Bjr  JOHN  B. 

LeNO,  latr  Frli;nr  of  5/.  C'  /r'/v,  and  The  Boot  and  Sho'- Maker.     T2mo,  ir.  cloth. 

"This  excellent  treatise  is  by  far  the  best  work  ever  written.   The  chapter  on  clicking,  which  shows 
dew  waste  may  be  prevcoted,  will  nve  fifty  tiiaeii  tbe  pace  of  the  book.**'-^'«««/«iA  Z^toMtr  Trmdmr, 

dentistry  Construetlon. 

MECHANICAL  DENTISTRY  :  A  Practical  Treatise  on  the  Construc- 
tion of  the  various  kinds  of  Artificial  Dentures.  Comprising;  also  Useful  Formulae, 
Tables,  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  occ.  6cc.  Dy  C.  Hunter. 
Third  Edition.   With  100  Wood  Engravings.  Crown  Svo,  $t,  6d,  doth. 

"  "'.Vi-     in  stroncly  recommend  Mr.  Hui, tor's  treatise  to  all  students  preparing  for  the  pnCsHMO 
«f  dcniutry,  as  well  as  to  every  mechanical  demist."— Jcui^nal  c/  Mtdieal Science. 
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Wood  Engraving. 

Wood  engraving:  a  Practical  and  Easy  Introduction  to  the 
Study  of  the  Art.  By  William  Nokman  BaoWN.  Second  Edmon.  Wi*li 
numerous  Illustrations.    lamo,  u.  6d,  cloth  limp. 

"The  book  is  clear  and  complete,  aod  will  be  uiefitl  to aayooa  WMttiaf  fonadcnlMd  dit  int 
«l«n«ntfl  of  tbe  buttCiAii  art  «r  wood  envfavtoR."— Cm/iitf. 

Horology, 

A  Treatise  on  Modern  Horology,  m  Theory  and  Praaicc 

Translated  from  the  French  of  Claudius  Saukibb,  ex-IMiccAor  of  the  Sdiodd 
Horology  at  Macon,  by  Julien  TRirn.TN,  F.  K  A  S.,  Besancon  Watch  M*b»- 
facturer,  and  Edward  Rigc,  M.A.,  Assayer  in  the  Royal  Minu  WithScvntf- 
eight  Woodctttt  and  Twenty^two  Coloured  C«^»per  rUtes.  Second  Editioo. 
Sttper*royal  8vo,  £2  2s.  cloth  ;  £2  los.  half-calf. 

"There  if  no  hoiological  work  in  the  English  language  at  all  to  be  coipted  to  thia  nioduclion  d 
M«  Sawwier'a  for  dearocM  aod  compJeteiieM.  It  is  alike  good  as  a  guide  for  the  niociit  aad  as  a 
lefocBCe  for  the  experienced  horobgist  and  skilled  mnkmxar—H^lt^al  Jntmat. 

''The  latest,  the  tnost  complete,  and  the  mott  reliable  of  those  literary  produciiofit  to  wbidk cm* 

tinental  waichm.ikcr-  are  iiiJcbie.)  '.  t  i^^  e  mechanical  superiority  over  their  Enjlish  brtihreo— i* fctl» 
the  Look  of  1>ch  ks,  is  M.  bauaiei \  '  1  icaiue.'  " — Watckftudttr,  JtuniUr,  amd SUt'tnmtth, 

Watchmaking, 

The  WATCHMAKER'S  HANDBOOK.     Iiuended  as  a  Workshop 
Companion  for  those  engaged  in  Watehnutktng  aod  the  AUied  Mechanical  Artk 
Translated  from  the  T'rench  of  CLAUDIUS  Sai'MER,  and  considerably  cnlargtyd 
JULIKN  Trii'PLIN,  P\K.A.$.,  Vice- President  o(  the  Horological  Institute,  and 
£DWAKD  RiGO,  M.A..  Assayer  in  the  Royal  Mmt.    With  numerons  Woodcal» 
and  Fourteen  Copper  Plates.    Third  EditiOQ.    Crown  Svo,  9;.  cloth. 
"Each  ^rt  ist-uly  a  iveatiae  in  itself.   The  arraaRemcnt  is  good  and  the  language  is  clear 
condM.  It  II  an  ndinirable  guide  for  the  youog  waichiaaker.*'— £'»^'jMifn«!f. 

**  It » impoNibic  ip  apeak  too  highly  of  its  eaceUeooe.  It  Aillils  every  lequireMBt  in  a  haadhook 
intended  for  the  use  of  a  workman.  Should  be  found  in  every  workshep.  — IfTsrcil  tuid  Citeimskr, 

"This  book  contains  an  immense  number  of  practical  detailt  bcanngon  the  daily  nocupMNn  ef  • 
•iratchmaker."—  IV it tcfsfnnker  anil  Melalwarktr  (Chicago). 

Watches  and  Jmieheepeis. 

A  HISTORY  OF  WATCHES  AND  OTHER  TIMEKEEPERS.  B/ 
jAMls  F.  Kbndau  M.B.H.  Inst.,  x«.  6tf.  board* ;  or  Bi.  6d.  doth,  gttt. 

'  Mr.  Kendal's  book,  for  its  siae,  It  the  bcst  which  bat  yet  appealed  on  this  kvbjcct  ia  tkt 

English  lanicuage."— /iii'iarrirs. 

"  OjiMii  tlie  book  whtTf  you  m.ny.  there  is  interesting  maiti  r  i:j  it  cnnct  rninR  the  ingeoioes 
devices  of  the  ancient  or  tuodern  horoiOijcr.  The  subject  is  treated  in  a  liberal  and  eataitauuae 
npirlt,  as  oUght  Im  expected  of  a  historian  who  la  a  matter  of  the  craft."— 5af«fi<ai^  Rgmtm, 

ElwtroiysiB  of  Qold,  SHoer,  Copper,  <fto. 

Electro-Deposition  :  A  Practical  Treatise  on  the  Electrolysis  ol 
Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  Ail  as.  With  descrif  tion?  oJ 
Voltaic  Batteries,  M.igneto  and  Dynamo- Electric  Machines,  Thermopiles,  iuid  of 
the  Materials  and  Processes  used  in  every  Department  of  the  Art,  and  severti 

Chipters   on   F.i  f.ctro-Metalluroy.     Bv    Ai  exavi^fr   Watt,   Author  of 

*' EleclHi-Mctallurgy,"  &c.    Third  Edition,  Revised.    Crown  iivo,  9i.,  cloth. 

"  Eminently  a  book  for  the  practical  worker  in  eleetio>depositioa.  It  eenialn«  practical  dcicriiitiat 
of  methods,  processes  and  matectali,  as  actoatly  putaued  and  used  ia  the  wechahop.*'— if%'Jisarr. 

Electro-Metallurgy. 

Electro-Metallurgy  :   Practically  Treated.     By  Alexander 
Watt,  Author  of  •*  Eleciro-DepOMiion,  '  «.^c.    Ninth  Edition,  includm<;  the  mo* 
recent  Proctsies.    i2mo,  4s.  doth  boards. 
"From  this  bnnk  ],>ih  .(inur-ur  and  arUiaa  may  learn  everything  neoesmyfair  thenacceirfiift^ 

•eclition  of  elcctrupl.uini; ."' — /n»«. 

Working  in  Gold. 

THE  JEVy^ELLER'S  ASSISTANT  IN  THE  ART  OF  WORKING  IW 
GOLD:  A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  fioa  the 

Experience  of  Thirty  Years'  Workshop  Practice.  By  George  E.  CeI,  Author  of 
••  Tlic  Goldsmith's  Handbook,"  &c.    Crown  Svo,  p.  M.  cloth. 

•*  This  inanual  of  technical  edurntiriTi  5*  apparrnllv  destined  to  be  a  valuable  auxiliary  to  a 
craft  which  IS  '  f  rl.ii  nlv  c.tp^Me  .if  L  I  '  , :  i  ni  fjr  ( ivr  Du'rit  " — /^le  I  !>':es. 

•■  Very  useful  i/i  the  workihop,  ihe  knowledge  »«  practical,  having  been  acquired  by  lonf  exptrieccs. 
and  all  the  tecipca  and  difcciicns  are  guaraaiccd  to  he  lurcesafnl."— /«fK/ilmut^//<r/«inwri<v. 
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Electroplating,  • 

Electroplating  :  a  Practical  Handbook  on  the  Deposition  of 
Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &c.  ;  with 
Descriptions  of  the  Chemietls,  Mmteriak,  Bttterie?,  nnd  Dynamo  Machine  used  in 

the  Art.    By  J.  W.  r  R-r'irvKT,  C.K. ,  Autbr^r  of  '*  Klectiic  Li^'ht,"  &c.  Third 
Edition,  Revised,  with  Additions.     Numeroaii  Illustrations.   Ciown  8vo,  54.  doth. 
'*  An  cxcelleat  practical  mznxuX,**—En£ineetinf;. 

"An  (■  t  r ,  1 1  (.  !H  ^v  otlt,  giving  the  mwost  information.'*— If Ofotogica/  Journal, 

Electro  typing. 

ElectrotyPING  :  The  Reproduction  and  Multiplication  of  Printing 
ijurlaces  ami  Works  of  Art  by  the  Eleciro-deposiiion  of  Metals.  By  J.  W. 
Urquhart,  C.E.   Crown  8vo,  51.  doth. 

*'^TIw  book  b  thoroughly  practical ;  the  reader  is,  therefore,  conducted  ihroiiKh  the  leading  lavs  of 
•icctrictty,  then  throuj^h  the  matalsiiMd  by  elect rotypcr<,  the  apparatus,  ;tnd  the  depo^tin^  processes,  tip 
to  the  iiaal  preparation  of  tlw  worlc'*'  AH  jMunuti, 

Goldsmiths'  Work. 

The  GOLDSMITH'S  Handbook.    By  CroRCE  E.  Gee,  Jeweller, 

&c.     Third  Edition,  considerably  Enlarged.    i2mo,      6J.  cloth  boards. 
"  A  good,  adund  educator,  and  will  be  generally  accepted  a«  an  auiboriiy."— ^«wAtf»r«//^imM/. 

SUvmmiths'  Work. 

The  SILVERSMITH'S  Handbook.    By  George  E.  Gee,  Jeweller, 
Sec.    Second  Edition,  Revised,  with  mtmerous  Illusts.    i2mo,  3;.  M.  cloth  boards. 
"  The  chief  merit  of  the  work  is  ita  practical  chacacier.  .   .  The  workers  in  the  trade  will  ■peodily 
diacover  its  ncritit  when  they  lit  down  to  sttwly  ic'*— ^ny/IrA  Mgekamk.  ■ 

TAr  abot'c  two  tvarks  U^Htr,  strvn^jf  ha/f-beundt  price  Jt, 

Bread  and  Biaeuit  Baking. 

The  Bread  and  Biscuit  Baker's  and  Sugar-Boiler's 

Assistant.  Including  a  large  variety  of  Moderti  Recipe<5.  Wiih  Remarks  on 
the  Art  of  Bread -making.  By  RoBERi  Wells,  i  raciica!  liakcr.  Second  Edition, 
with  Additional  Recipes.    Crown  Svo,  if.  cloth. 

"  A  Urge  number  of  wrinV;!r><  t^--  thv  or'!<n  ii  v  rook       w.  l!  is  the  baker."— SdlMfd^  RivitW, 

Confectionery  for  Hotels  and  Restaurants. 

THE    Pastrycook    and    Confectioner's   Guide  For 

Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family  Use. 
By  Robert  Wblls,  Auihor  of  **  The  Bicsd  and  Biiciiit  Baker  s  and  Sugar  Bolter*! 
Assistant."    Crown  8vo,  2s.  cloth. 
**  We  cannot  speak  too  highly  of  this  really  excellent  work.   In  these  days  ot  keen  competition 
Onr  rMdera  cannot  do  twitor  than  pnrcluao  thia  booik."— ^BaArr'i  Timn. 

Omamentai  Confeotionory. 

Ornamental  Confectionery  :  A  Guide  for  Bakers,  Con- 

fectioners  and  Pastrycooks;  incbt  lin-  n  Vnriety  of  Moilern  Recipes,  and  Remarks 
on  Decorative  and  Coloured  Work.  VViiU  129  Original  Designs,  iiy  Kubekt 
WSLis,  Practical  Baker,  Author  of  "The  Bread  and  Biscuit  Baker's  and 
Sugar- Boiler's  Assistant,"  v'tc  Crown  Svo,  cloth  gill,  5". 
"  A  valuable  work,  practical,  and  should  be  in  tlie  bands  ot  every  naker  and  confectioner.  The 
iUaatiaiiva  dwigna  are  aiooe  wortia  trelilo  the  amiunt  charged  for  tiia  whole  work."-»Balkfr*s  Timet. 

Flour  Oonfeetionery, 

THE  MODERN  FLOUR  CONFECTIONER,  Wholesale  and  Retail. 

Containing  a  larjjo  Collection  of  Recipes  for  Cheap  Cakes,  I'i^cuiis,  v^c.  With 
Remarks  on  the  Ingredients  Used  m  their  Manuiacture.  To  which  are  added 
Recipes  for  Dainties  for  the  Working  Man's  Table.  By  Robert  Wells,  Author 
of  **The  Bread  and  Biscuit  Baker,"  &c.  Crown  Svo,  2/.  cloth. 
"Tbewofkiaof  a  decidedly  practical  character,  and  ia  every  recipe  recard  ia  had  to  ecoaomicai 
worikia(."-A'«f«A^nifi«IM^my.  *  r- 

Laundry  Work. 

Laundry  Management,   a  Handbook  for  Use  in  Private  and 

Public  Lauu'Iries.  lticlu<liii^^  Dt-criptive  Accounts  of  ModL-rn  Machinery  and 
Appliances  for  Laundiy  Work.  By  the  Editor  of  The  JLaundry  Joornai."  With 
numerous  Illustrations.    Second  Edition.    Crown  8vo,  2s.  6t/.  cloth. 

"This  book  should  certainly  rtcrupy  .m  ti  >iu)ureil  pUri>  on  tlif  sh<  lve«  of  all  housekeepora  who 
wish  to  keep  themselves  au  courant  of  the  newest  appliances  and  methods." — Th4  QmeH. 
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HANDYBOOKS  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK, 
Editor  of »  Work  *  <N«»  SviatK  Anihor  of  -  Lathe  Work."  **  MOBac  KaeUan.** 

Crown  Siro,  144  pages,  cloth,  price  u.  etch. 

Tktst  Handvbooks  hm'e  been  '.vrtf^n  supply  tnfannntiffn  f^yr  W  .pkw;. 
StDUKNTs.  tfW  \si K\YM%%  in  the  ifi^rai  Jidnduiaj:>,  <?«  ike  actual  Practicl  c]  is^ 
WoKKSiiop,  and mr*  intemltd  i0  cottmy  tH  plmm  tatt^tas^e  TECHNICAL  Knowledge  a-' 
fhr  frrvi//  CrakT'^.  In  i/nrn'^t'tt^  the  proresscs  entployrd.  and  the  manipulatisa  if 
material,  VfOrkshop  terms  are  used  ;  workshop  praitue  is  fttUy  explained  ;  mttd  lie  text  c 
freely  illmirmUd  with  dfpiuringi    m9tUm  titist  appliemut^  imdftmtuts* 


THE   METAL   TURNER'S   HANDYBOOK.    A  Practical  Bfimul  for 

Woiker>  at  the  Foot  T,.nhe.    Witli  over  100  Illustrations.    Price  is. 

"  The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  tamer.  It  dispLajr* 
knowlodft  of  the  tabjeel."- 


The  wood  TURNER'S  HANDYBOOK.    A  Pnurtiaa  Manoil  for 
Workers  at  the  Lathe.    With  over  100  lUustiations.    Price  ix. 


'  Wo  raooaiaMnd  the  book  to  youiw  tunMnn  aad  oflMtcun.  A  nrotiiinde  of  worinooa  have  hiiMe 
«oa|hi  in  viki  for  •  mumH  «f  ihi*  ipeciat  uulottiy JCfr4««M-«/  WwHd, 

THE  Watch  jobber's  HANDYBOOK.    a  Ptacdcal  Mantial  ob 

Cleaning,  Repairing,  and  Adjiutiag.   With  upwards  of  100  Illustrations.    Price  i;. 

"  We  ettonghr  adviio  all  yonna  pafSOM  eowMCiod  with  the  waidi  trade  to  aoqnire  aad  ndy  ika 
laezpentlv*  work.**— CtcrkMnMU  Cknmich, 

The  pattern  maker's  HANDYBOOK.   a  Practical  Manual  on 

the  Construction  of  Patterns  for  Foonden.   With  upwards  of  100  IHimratioos>  u. 

"  A  most  v.jlii.ibk',  if  not  indlspen<;able,  manual  for  the  pattern  miker. "—Knottledgr. 

The  MECHANIC'S  Workshop  HANDYBOOK.  a  Practical  Manual 
on  Mechanical  Manipulation,  embracing  Information  on  vahoos  Handicnjl 
Prooeiaet.   With  Useral  Notes  and  MiseeUaneons  Memonuida.  Coniprisinc  wSbam. 

200  Subjects.    Price  is. 

"  A  very  clever  end  oaefal  book,  which  ehoald  be  fottnd  in  every  workshop;  and  it  ihoaM  m- 
tainly  find  a  place  ia  all  tcebaieal  icbootc."— SofifnTey  R$  ' 


THE  MODEL  ENGINEER'S  HANDYBOOK.    A  Practical  Manual  on 
the  (  onstruction  of  Model  Steam  Engines.   With  upwards  of  lOO  lUitttratkNM.  U. 

"  .Ml .  H.it'nrk  t  It  produced  a  very  good  tittle  book."  -Ruildrr, 

The  Clock  Jobber's  HANDYBOOK.  a  Practical  Manual  oa 
Cleaning,  Repairing,  and  Adjusting.  With  upwards  of  loo  lUustimtioo^  Price  u; 
It  it  of  aetHmable  aorvico  to  tboie  comtnendftg  tho  trade.*'— Cd«««li)r  SteMtard. 

The  Cabinet  Worker's  Hanoybook.    a  Practical  Manual 

on  the  Tools,  Materials,  Appliances,  and  Processes  cmplofed  ia  Cabinet  Wodt. 

With  upwards  of  100  Tllu'^tiations.    I'rice  ir. 

*'  Mr.  Haftlttck'»  thoroughgoing  litde  Handybook  is  ainooftt  the  most  practical  gaidea  weiievi 
seen  for  beftonen  In  cablnet-work:"'5«f erd^  Review. 

THE  WOODWORKER'S  HANDYBOOK  OF  MANUAL  INSTRUCTION. 

Kmbracint:  Information  on  the  Ttxils.  Moterinls,  Appliances  and  Processes  Em- 

]iliiyL-<l  ill  \\        \v..r'Ki:!i:.    ^Vi;!)  104  ll|u>tiations     Price  is.  [Just  ptthiisked. 

THE   METALWORKER'S  HANDYBOOK.    With  upwards  of  100  Illus- 
trations. _       [//» preparj/im. 

Opinions  of  the  PkBss. 

"  Writtan  hf  a  man  who  knows,  not  only  how  work  ought  to  be  dooo.  bat  how  to  do  it. 

and  how  to  convey  his  knowledge  to  others." — Engineering. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  instructions." — Engineer. 

"  Mr.  Haaluck  combines  tiie  experience  of  a  practical  teacher  with  the  maaipalitife 

skill  and  scientific  knowledge  of  processes  of  the  trained  mechanician,  aod  Ae  1 
are  m.irvels  of  what  can  be  produced  at  a  popular  prtce." — Schoolmaster. 

}  Iclpful  to  wortinien  of  all  ages  and  degrees  of  experience."*-DalJy  CkrotiUk, 
Practical,  sensible,  and  remarkably  cheap."— ^oviMfo/  EdueeOion^ 
"  Concise,  clear,  and  practical."— Sa^wifiy  HwUw. 
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COMMERCS,  GOUNTINQ  HOUSS  WORK,  TABUBS,  eto. 

Cammwoial  Education. 

Lessons  in  Commerce.    By  Professor  R.  Gambaro,  of  the 

Koyal  High  Commercial  School  at  Genoa.  Edite*!  and  Revised  by  James  Gai'LT, 
Professor  of  Commerce  and  Coaunercial  Law  in  King's  Collie,  London.  Crown 
8vo,  3^.  6d,  cloth. 

**  The  publishers  of  this  work  have  reodeiad  considerable  tervtce.to  the  caoM  ol  eoauDcrcial  educa- 
Clea  by  the  opportune  production  of  tldi  volume.  .  .  .  The  work'is  peculiarly  accefrtable  to  English 
readers  and  an  admirable  addition  to  existing  class  books.  In  a  phrase,  we  think  the  worl,  .utaim  its 
object  in  fumi&hing  a  brief  account  uf  those  laws  and  customs  of  British  trade  with  which  the  commer- 
cial man  inlere^te  l  therein  should  be  familiar." — ChiimZ-er  of  Cot^imtrce  JourHal. 

**  An  invaluable  Kuide  in  the  hands  of  those  who  are  preparing  for  a  coomercial  career,  and,  in  fact 
MM  Mftmatioiilt  coniaiiis  on  aaitert  ef  biiriinii  ihould  Da  isKptesMd  on  eveiy  vamC^—Cmm^iMg  Htmm. 

Foreign  Commerelai  Correspondenoe. 

The  Foreign  Commercial  correspondent:  Being  Aids 

to  Commercial  Correspondence  in  Five  Languages— English,  French,  German, 
Italian,  and  Spanish.  By  Co.nrad  £.  Baker.  Second  Edition.  Cr.  8vo,  3^^.  6</.  cl. 
"  Whoever  wishes  to  correspond  in  all  the  laafugw  nMDtionad  hf  Mr.  Baker  cannot  do  Iwtter 
tbaa  stody  tiiia  work,  the  materials  of  which  are  excellent  and  ooovenleatly  arranged.  They 
cooaitt  DOI  of  andia  qMdman  letter*,  but— what  are  far  more  otefnl— short  pamgii,  eentencea,  or 
pbraact  npntttsf  tho  mubo  Moeral  idea  la  varfawe  fermt,">-w4f  Arfxrum. 

"  A  earefol  examinatioR  net  coavfaieMi  na  lint  it  i«  unusually  complete,  wall  arranged  and 
reliable.  The  book  is  a  thoroughly  good  oaa.'*^eAoolliMSter. 


Aocounts  for  Manufacturers. 

Factory  accounts  :  Their  Principles  and  Practice.  A  Handbook 
for  Accountants  and  Manufacturers,  with  Appendices  on  the  Nomenclature  of  Machine 
Details  ;  the  Income  Tax  Acts  ;  the  Rating  of  Factpries  ;  Fire  and  Boiler  Insurance; 
Che  Factory  and  Workshop  Acts,  vVc  .  including  also  a  Glossary  of  Terms  and  a  large 
number  of  Specimen  Rulings.  By  Emii  e  Garckk  and  J.  M  Fells.  Eourtll 
Edition,  Revised  and  Enl.argcd.  Demy  Svo,  250  pages.  6j.  strongly  bound. 
"A  very  interestinu  dcv*  ription  of  the  requirements  of  Factory  Accounts.  .  .  .  The  principle  of 
4asatmilatiag  the  Factory  Accounts  to  the  general  commercial  books  t*  one  which  we  thoroughly  agree 

**  Chaiacteiised  by  estreme  ihoroiighaess.  lliete  are  few  owners  of  fiwiories  who  wouki  aot 
doiiws  gvest  boaeii  firoa  dM  yemsal  of  this  sMit  adauiablo  wocic'*— Zani/  G0Mrmmtmi  CkrmiUt, 

/ntuitioe  Oahuiutiona, 

THE  Compendious  calculator  ;  or,  Easy  and  Concise  Methods 

of  Performing  the  various  Arithmetical  Operations  required  in  Commercial  and 
Business  Transactions,  together  with  Useful  TaMcs.  By  Daniki  (^'Gorman. 
Corrected  and  extended  by  Prof.  J.  R.  You.ng.  Twenty-seventh  Edition.  Revised  by 
C.  NoRRis.  Fcap.  Svo.  su.  6d,  cloth  limp ;  or,  y.  fyi.  strongly  half-boond  in  leathar* 
"it  would  he  difficult  to  exaggetate  the  uselUaess  of  a  book  like  this  to  overyone  engaged  in  com- 

■nerc*  or  natrafiKtonng  indaatry.  It  is  cramncd  foil  of  ndss  aodfomubs  for  shortenbg  and  employing 

ca  Iculalions." — KnovtUdit. 

Modom  Metrical  Units  and  Systems. 

Modern  Metrology  :  a  Manual  of  the  Metrical  Units  and 
Systems  of  the  present  Century.  With  an  Appendix  containing  a  oroposed  English 
System.    By  Lowis  D*A.  JACKSON,  A.-M.  Inst.  C.E.,  Author  ot"  Aid  to  Survey 

Practice,"  &c.    Large  crown  8vo,  12s.  (y,L  cloth. 
"  We  recommend  the  work  to  all  interested  m  the  practical  reform  of  our  weights  and  measurea," 

Tiie  Metric  System  and  the  British  Standards, 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British  Standard 
Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present  in 
Use  on  the  Continent.   B/  C.  H.  Dowling,  CE.   Svo,  lOr.  6^.  strongly  bovnd. 
"  Mr.  Dowling's  Tables  are  wclf  put  ttgetlMr  as  a  rsady  wdtoaor  far  the  coaversion  of  oaesyii— 

into  the  other." — Aikentemr:. 

iron  and  Metal  Trades'  Calculator. 

The  Iron  and  Metal  Trades'  Companion  :  For  expedi- 
tiously ascertnining  the  Value  of  any  Goods  bought  or  told      \y eight,  from  ix. 

e:r  cwt.  to  112  ..  jiercwt.,  and  from  one  farthing  per  p>onnd  to  one  shilling p<rpomd> 
y  Thomas  Downir.    Strongly  bound  in  leather,  396  pp.,  9^. 
*'  A  most  useful  set  of  ubies,  nothing  Tike  them  before  existed." — BmiidtHg  S\-vs. 
"Although  specially  adapted  to  the  iron  and  oicul  trades,  the  Uiiles  will  be  found  useful  in  every 
banass  m  which  nefchandise  is  bou^  and  sold  by  weight."— iT^Atav  tTnu. 
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CROSBY  LOCKWOOD      SOI/*S  CATALOGUE. 


QhadwicWs  Cafcufator  for  Numbers  and  Weights  Combined, 

The  Number,  weight,  and  Fractional  Calculator. 

Conuioing  upwards  of  250,000  Separate  Calculations,  showing  at  a  glance  the  value 
at  432  differoit  rates,  ranging  from  ^^j-rh  of  «  Pennjr  to  tm.  ecdi,  or  per  cwt.,  and 
^20  per  ton,  of  any  number  of  articles  constxulively,  from  i  to  470  — Any  number 
of  cwts.,  qrs.,  and  lb«.»  (nm  l  cwt.  10470  cwts  —  Any  number  of  tons,  cwts.,  qrs., 
and  ItM.,  from  i  to  t,ooo  tons.  By  William  Chadwick,  Public  A«einiit«it. 
Third  Edition,  Revised  and  Xmpcoved.  8vo>  price  iSr.  stronglj  boand  for  Office 
vear  and  tear. 

'  /J  adapUd  for  the  use  of  Aci  onntants  and  Auditors^  Railn'ay  CQmpanies^  Catial 
Campanief,  Skippers,  Shippin::  Aji^ents^  Gmeml  Carritrs^  Ss'e,  trmfeuniers^  Bnm^ 
founders.  Metal  Merchants,  Iron  Manufaeturers,  Irtmmoui^crs,  En^ntcrs,  Maehinisis^ 
BoiUr  Makers  t  Millwrijghts,  Koafiftg,  Bridge  and  Girder  Makers.  CeHiery  Proprietors, 
Timber  Merrlumis^  BuiUlers.  Contracts,  Arehiieets,  Surz>eyors,  Aautumeers,  Vahierr, 
Brokers,  Mill  Oxeners  an.i  .\faniifiicturtrs.  Mill  Furnishers,  Mtrekants.  and  General 
WhoUsaU  Tradesmen*  Also  (or  the  Apportionment  of  Mileage  Chorges/ar  Maiimgf  Trmfiu. 

Opinions  of  thf.  Press. 

"  It  is  as  easy  of  reference  for  any  answer  or  aay  WHPbT  of  an«wcr^  a«  a  dictionary',  and  the  refer* 
cnces  arc  even  more  quickly  made.  Kor  nakiae  «P  acooiiflCt  Or  estimates  the  book  imtal  protre  mvahnr 
W«  to  all  whr>  have  any  coasidciatile  quaadty  of  caknlrtioBt  iaToMof  pries  aad  waawiw  ia  aaf  OMibi- 

naiion  to  do. "  -  Emginetr, 

"The  i»o*t  ootuplete  and  pra ctieal  naAj  fucVuxf  iHifeh  it  hst  been  oar  fwtnaa  yet  to  tee.  It  t« 
4iiicillt  to  inUlciMa  trade  cw  occupation  in  which  it  could  not  be  of  the  greatest  u<>e,  cither  in  mviu 
hunaB  labour  or  in  checking  work.   The  publishers  have  placed  within  the  reach  of  every  cooajaaou 

naa  an  invaKi.iblc  ami  imUilmi;  .iv*i»t.mt."— /'/'v  MHi'er. 

**'rhc  mast  pcrlett  work  wf  liic  kind  yet  prcp.^rcd."— ^7/i»Ji'«««»  Htraid. 

Harben'8  Comprehensive  Weight  Caicuiator, 

The  Weight  Calculator  :  Being  a  Series  of  Tables  upon  a 
New  and  Com(H'eben&ive  Plan,  exhibiting  at  one  Reference  tbe  exact  Value  of  any 
Weight  from  f  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id.  to  t68r.  per  ewt., 

and  cont.iining  186,000  Direct  Answers,  which,  with  their  ComViinations,  consistin.; 
of  a  single  addition  (mostly  to  be  performed  at  sight),  will  afford  au  aggr^ate  oiF 
10,266,000  Answers  ;  the  whole  being  calculated  and  designed  to  ensnve  cocieet* 
ness  and  pfomote  despatch.  By  HSNliY  Harden.  Accountant*  Fouith  Editicn» 
eaicfuUy  corrected.    Royal  8vo,  strongly  half- bound, /^i  5  .. 

*'  A  practical  and  ui^ful  work  of  reference  for  men  of  busine«<i  gcner.i^! y  ;  it  i»  the  bc--i  of  the  kind  we 
IttVe  %tcn.  "  —lronm«Mger. 

**  Of  priceless  value  to  business  men.  It  is  a  acccuary  book  in  all  mercaottlc  of6cts."—^Ae^tid 
imdepemnmt. 

Harben'8  Oomprehenaive  Diaeoufit  Guide. 

THE  DISCOUNT  GUIDE.   Comprising  seveiat  Series  of  Tables  for 

the  u.se  of  Merchants,  .Manufacturers,  Ironmongers,  and  others,  by  which  may  be 
ascertained  the  exact  Profit  arisini^  from  any  mode  of  u>ing  I)isc<*unt>.,  either  in  the 
Purchase  or  Sale  of  Good>,  and  the  method  of  either  Aliciaii;  a  Kaic  of  Discount, 
or  Advancing  a  Price,  so  as  to  produce,  by  one  operation,  .1  sum  that  will  rt-alise  any 
required  profit  .ifltr  ;dIowing  one  or  more  Discounts:  to  which  nre  added  Tai.ltrs  .1' 
Protitor  Advance  from  to  90  per  cent.,  Tables  of  Diicouni  from  li  to  ^Hit  per 
cent.,  and  Tables  of  Commission,  &c.,  from  ^  to  10  per  cent.  BjHSKRY  Harb£N. 
Accountant,  Author  of  "  The  \Vci,i;ht  Calculator."  New  Edition,  carelially  Revised 
and  Corrected.    Demy  8vo,  544  pp.,;6  i  5^*  half-bound. 

**  A  book  such  at  this  can  only  be  appreciated  by  buMness  men,  to  whom  the  nmngcttimc  mcass 
saving  of  money.  We  h.-ivc  the  high  authority  of  Professor  J.  R.  Youns  that  the  uble»  throughout  the 
work  are  coiutracted  upon  strictly  accurate  principles.  I'he  work  is  a  model  oC  typographical  clearness, 
ana  iiuist  prove  of  great  value  to  ncrchaau*  aianafactmeiB,  and  geaeial  uaiaaa.'*^£rieuk  Tmdo 

JettrnaL 

Iron  Shipbuilders'  and  Merchants'  Weight  Tables. 

iron-Plate  weight  Tables  :  For  iron  Shipbuilders,  Engi- 
neers, and  Iron  Mcrchantsi.  Containmg  the  Calculated  Wciglils  of  upwauis  of 
150,000  different  siies  of  Iron  Plates  from  i  foot  by  6  in.  by  i  in  to  10  feet  by  5 
feet  by  f  in  Worked  out  on  the  basis  of  40  lbs.  to  the  ^^quare  foo:  of  Iron  of  i 
inch  in  thickness.  Carefully  compiled,  and  thoroughly  Revised  by  H.  Bu&LXXaON 
and  W.  H.  Simpson.   Oblong  410,  25^.  half-boand. 

"This  work  wisl  ht  found  of  great  utility.    The  .inthors  h.ivc  h^-l  much  practical  experience  of 
what  is  wanting  in  making  estimates,  aod  tbe  use  of  the  book  wili  save  much  t;me  io  ■njtl'iag 
calcttUtiona."— £NV<i&*  Metkmnic, 
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AGaiCULTURB,  FARMINQ,  QARDBNING,  eto« 

Dr.  Fnam'B  New  Edition  of  "  Ttie  Standard  Treatise  on  Agrieuiture,'* 
The  Complete  Grazier  and  Farmer'8  and  cattle 

Breeder's  Assistant  :  a  Compendium  of  Ilusbai  ^ly  Or-Inally  ^Vrittcn  by 
William  Youatt.  Thirteenth  Edition,  entirely  Ke- written,  considerably  En- 
larged, and  brought  up  to  the  Present  Requirements  of  Agricultural  Practice,  by 
William  Fream,  LL.D.,  Steven  Lecturer  in  the  University  of  Edmbnrab,  Author 
of  *'Thc  Elements  of  A|;riculture,"  Sec.  Royal  8vo,  t.ioo  pp.,  with  Qfcr  450 
lUu;>tration;>.  Price  /  i  lis.  uJ.  strongly  and  handsomely  bound. 

Extract  from  Pi'hi.isiif.rs'  Advf.r  i  isfment. 

*•  A  treatise  that  made  its  orif^inal  appearance  in  the  brst  decide  of  ilie  cemnry,  and  th*t  enters 
upon  its  Thtrttcntb  edition  lu  toie  the  century  has  run  its  coiir>f,  lias  undoubtedly  tstaljlished  its 
poiition  as  a  work  of  permant  Mt  value.  .  .  .  Thephenomeii.il  pr<>(<rt^s  .  t  ttic  Ust  duicu  year* 
in  the  Practice  aod  Scienci:  of  l~ariMiii»:  has  rendered  it  necesH^ry,  howevtr.  ih.ii  the  volume  should 
be  re-written,  .  .  .  and  for  this  utidertaking  the  Publishers  were  fortunate  enough  to  secure  the 
services  of  Dr.  Fkeam,  whofe  high  attainments  in  all  matters  pertainini;  to  agriculture  have  been 
emphatically  recogtiised  by  the  highest  professional  and  official  authorities.  In  carryine  out  bis 
■  litoiial  duties.  Dr.  Fhe\m  has  been  favimred  with  valoabltt  contrlbuiioni  by  Prof.  J.  Wortlev 
Axs.  Mr.  £.  Broun,  Dr.  Bkrnard  Dyrii.  Mr.  W.  J.  MaLOBN,  Mr.  R.  H.  itsw.  Prof.  Shklpon,  Mr. 
J.  SlNCLAiK,  Mr,  Sanders  Spbncrr.  and  others. 

**  As  rcsanU  the  iUutimtions  of  tb«  work,  no  pains  have  been  spared  to  msks  tSieiii  as  repre- 
icmativft  and  charaettflstie  ■>  possible,  so  as  to  be  practically  useful  to  the  Farmer  and  Grazisr/' 

Summary  ok  Contents. 

Book  I.  On  TmVAUBTiic,  BxaxDiiiq.  Rb*«>  •  Book  VIX.  On  thk  B>k«oimo»  Rsaiiimo,  aiift 

iMo,  Fattbhino and  Manaosmknt  or  Cattui  ,    Manaobmbnt  of  Poultry. 

BookJX.  Onthb  Sconomt  and  Hanagswknt  '  Boor  Vllt.  On  Pap.m  Orrtccs  and  Implk* 

OF  TNB  Dairy.  mknts  of  Hcsbasiirv 

Book  Ilf.  0«  the  Brseding,  Rearing,  and      Book  IX.   On   thk   Culture  and  Manacb- 
Managkmknt  or  HoRsts.  ment  OF  Gk ass  Lands. 

ROUK    IV'.     O.S    THE    IJKKLDI.Nr.,    RrARING,  AND         BoOR  X.    On    TMK   Ct'l  TIVATSON   AND  APrtlCA- 

Fattenino  or  Shekf.  tion  ok  Ghassks.  Ft  L^^.  ano  Ko.its. 

I   'OR  V.    On   the  BRBtniM,,  RrM  ivG,  and  I3ook  XI.    On    Maslkcs   a.nu  tmkir  AfPLl- 

I  AT  TKNtNO  op  Swine.  cation  to  Gka>s  Land  a!<u  Chops. 

iook  VI,  On  THB  Diseases  or  Live  bT-  cK.  Book  XII.  Mom  hlv  CALt.sOABSOf  FakhwoWU 

%•  Ori.NIO.NS  OF  THE  FRESS  ON  THE  NEW  EDITIO.N. 

"  Dr.  Fream  b  to  be  coogratalated  on  the  stMcewfol  ettenpt  he  has  made  to  give  us  a  work 
rhich  will  at  onee  beeome  the  aiaiidard  classic  ol  tbe  fum  pcactio>  of  the  oofmtty.  We  believe  thai 
:  will  be  ibimd  that  It  bas  fio  compeer  arooni  the  manf  work*  at  iNescm  in  existenee.  .  .  .  Tba 
Jnstrationa  are  admirable,  while  the  from i»piece.  which  refvesenta  Ibe  welMuown  boll,  Kew  Yeer's 
«lft,  bred  by  tbe  Qut  en,  is  a  work  of  »rt."— The  Tim<s. 

"  The  book  must  be  recognist  <i  as  occupyint;  thr  proud  position  of  the  most  exbaoSllTO work  Of 
efereoce  in  tbe  Englisb  language  on  tbe  subject  with  which  it  deals." — Athenamm. 

**  Tbe  most  comprehensive  guide  to  modem  farm  practice  that  exists  in  tbe  EngUSb  laoKnago 
>daj.  •  .  .  The  book  is  one  that  cogbt  to  be  00  every  fiurm  and  in  the  library  ol  every  land 
wner.** — Mark  Lane  Exprea. 

"  In  point  of  exbaustiveness  and  accuracy  the  work  will  certainly  hald  .i  prf-Liiiinent  and  unique 
•oaition  amoiui  books  deaiang  wuli  scientioc  agricultural  practice.  It  is,  10  fact,  an  agricultural 
brary  of  itself."— Urotf* BrtUsH  Agriculturist. 

**  A  oompendiom  ef  antboritative  and  well<ordered  knowledge  on  every  conceivable  br.incb  of 
ie  work  of  the  tive stock  fttoier ;  prol^ably  without  an  equal  in  tbis  or  any  otnei  country."— ITopA- 
%ire  Pest. 

"  The  best  and  btighlest  guide  to  tbe  practice  of  husbandry  :  on^-  that  has  no  superior — no  equal 
r  nii)L;ht  truly  say— among  the  agricultural  literature  now  bt-fjrt-  tht  public.  ...  In  every  section 
I  which  we  bave  tested  it,  tbe  work  has  been  found  thoroughly  up  to  date."<—^«^'j  WuJUy  Ms*- 

ritiah  Farm  Lioe  Stock, 

FARM  Live  stock  of  Great  Britain.  By  Robert  Wallace, 

F.Li.S.»  F  R.S. E.,  &c.,  I'rofe&sor  of  Agriculture  and  Rural  Economy  in  the 
University  of  Edinburgh.     Third  Edition,  thoroughly  Revised  and  considerably 
Kniarged.    With  over  120  Phototypes  of  Prize  Stock.    Demy  Svo,  3S4  pp.,  with 
79  Pbttes  and  Maps.  Price  tax.  6/.,  cloth. 

"  A  really  complete  work  on  tlie  historv,  breeds,  and  management  of  the  farm  stock  of  Great 
iita.in.  and  oik-  which  is  likely  to  tind  its  way  to  the  stielvcs  of  every  country  gentleman's 
jrary.' — 7"'i/  ftmc. 

"  The  latest  edition  of  *  Farm  Live  Stock  of  Great  Britain '  is  a  prodoction  to  be  prond  of,  and 
«  if  sue  not  the  least  of  tbe  services  which  its  autbor  has  rendered  to  agricukoral  science."— 

Kfttish  Farmtr. 

The  book  is  very  attractive,  .  .  .  and  w<  can  sr-arcely  imagine  the  existence  of  a  farmer  who 
jul'l  not  likf  to  have  a  copy  of  tbis  beautiful  ami  us»  lul  work    —Murk  Lane  i:.x;u 


A  work  wbicb  will  long  be  regarded  as  a  standard  authority  whenever  a  concise  history  and 
•eription  of  the  breeds  of  live  stock  in  the  British  Isles  Is  ie<}uired."-^r/ri  Wftkfy  Mtsumgir, 
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cuosay  lockwood  ^  soir's  catalogue. 


Dairy  Farming. 

British  Dairying  :  A  Handy  \'oiume  un  ihe  Work  of  the  Dair)- 
Farm.  For  the  Use  of  Technical  Instruction  Classes,  Students  in  Agriciihml 
Colleges  and  the  Working  Dairy-l'armer.  By  Prof.  J.  P.  Shelix^n.  hte  Spedil 
Commissioner  of  the  Caiuidiaa  Uovemment,  Author  of  **  Dairy  Farming,"  *'Tbe 
Fann  and  the  Daity»'*  &c*  With  nmnerons  Illnttratioiis.  Crown  8vo,  ».  6/.  dolL 
**M«jr  be  confidently  reoommeaded  as  a  neefiil  lest'boek  en  dairy  fanning.*  -^gtinttmia 

"  Probably  the  best  hsKcTown  aunsal  on  dairy  work  that  has  yet  been  p(odaeed.''>4irffll 
British  AgrituHurut. 

"  II  is  the  soandeit  llttla  work  wa  have  yet  seen  on  Oe  snbjeet*  — Tftf  news. 


Daily  Manuai, 

Milk,  cheese  and  butter:  Their  Composition,  Character  and 

the  Processes  of  their  Production.  A  PrActicnl  Minunl  Sti.i«leni>  and  Dairr 
Farmers.  Bv  John  Oi  tx  f.r.  late  Principal  of  the  Western  Dairy  InstitutCt 
Berkeley.    Crown  8vo,  3S0  i>ages,  with  Coloiued  Test  Sheets,  and  nttmerons  lUos* 

1 1,; -ions,  7.<.  f'-^-  ^  \ynstptMiskA 

Agricultural  Facts  and  Figures. 

Note-Book  of  agricultural  Facts  and  Figures  for 

Farmers  and  farm  students.     By  Primrose  McConnell,  ii.S*..  hitii 
Edition.    Royal  32mo,  roan,  gilt  edges,  with  band,  4/. 
*'  Literally  teems  with  information  sod  w«  can  oordially  recoounend  it  to  all  cenneaed  wiik 
agriculittre."->Nerf  A  BwUitk  AghetOtwiMt. 

Small  Farming. 

Systematic  Small  farming  ;  or,  The  Lessons  of  my  Fann. 

Being  an  Introduction  to  Modem  Farm  Practice  for  Small  Farmers.  By  RokttT 
S-  OTT  Burn,  Author  of  ♦'Outlines  of  Modem  Farmings"  &c  With 

1 11  us t rations,  crown  Svo,  6s  cloth. 


'This  is  the  completest  book  of  us   1 1  -      hnfifc  Mcn,  Mad  onc  irhlcli  otoij 

T<^3'\  vv(th  pleisure,  and  acceft  SU  a  guide." — Fitld. 

Modern  Farming. 

Outlines  of  Modern  Farming.  By  R.  Scott  Burn.  Soils, 

Manures,  and  Crops — Farming  and  Farming  Economy — Cattle,  Sheep,  and  Hofscj— 
Management  of  Dairy,  Pigs,  and  Pottltfy*— Utilization  of  Town-Sewage,  IirtgatieBi 
Sixth  Kdition.    In  one  vol  .  1,250  pp.,  half-bound,  profusely  Tllu>trated,  r;;. 
"  'ihe  aim  of  the  author  has  been  to  tnake  hii  work  at  once  cumpreheosive  and  tnittworthy,  aotia 
ilia  aiai  he  has  nooeeded  to  a  degree  which  eaiiilei  him  10  much  cradit.**— lf<MW«ir  Adptrtutr, 

AgrioultumI  Engineering. 

FARM  Engineering,  the  Complete  text-book  op.  Com 

prising  Draining  and  Embanking  ;  Irrigation  r^nd  \Vater  Supply  ;  Fami  Ronis 
Fences  and  Gates  ;  Farm  Buildings;  Bam  Implements  and  Machines  i  Field  Iin|)k- 
ments  and  Machines ;  Agriculturid  Snnreying,  &c.    By  Professor  Jokn'Scott.  Is 
on    V  !.,  1. 150  pages,  half-bound,  with  over  600  Illustrations,  12^. 
"  Wnttcu  with  great  care,  as  well  as  with  knowledge  and  ability.   The  author  has  dooe  iiiivo^ 

well :  we  have  found  hioi  a  very  trustworthy  guide  wherever  we  have  utfed  his  ttaameatlk  The  *ehMl 

will  be  of  great  vahie  to  »fricultural  students."— itf«ni-  Latu  Ex/rra, 

Agriouitural  Text- Book. 

THE  FIELDS  OF  GREAT  BRITAIN:  A  Text-Book  of  Agriculturf, 
Adapted  to  the  Syllabus  of  the  Science  and  Art  Department.  For  £Iementar|r  and 
Advanced  Students.    By  Hugh  Climbnts  (Board  of  Trade).    Second  Edilwo, 

Revised,  with  Additions.    i8mc.  2-.  6,/.  cloth. 

"  A  most  comprehensive  vfjlume,  >;ivine  a  irla'.^  of  information." — Agriculturai  EtOHomitt. 
"  It  is  a  long  time  since  nv  c  have  seen  x  book  v\  hich  hai  plCMCd  ttS  lUOfW,  or  which  COetiiet  MMS  > 
<vast  and  useful  fund  of  knuu  Icdc  t  " — EdttcatiomU  Timtt. 

Tables  for  Farmers,  &c. 

Tables,  memoranda,  and  Calculated  results  for  Farmers, 

Graziers,  Agricultural  Students,  Surveyors,  Land  Agents,  Auctioneers,  &c.  Wth» 
New  System  of  Farm  Book-keeping.    Selected  and  Arranged  by  Sidney  FhavQ^ 
Third  Edition,  Revised.   272  pp.,  widstcoat-pocket size,  Uinp  leather,  u,  6d. 
**  Weighing  leea  than  t  oa.,and  occupying  no  more  space  than  a  match  ooz,  it  contejasaamij' 

facts  and  c^culations  which  has  never  before,  in  such  handy  form,  been  obtainable. 


Bvertegeg' 

«ion  on  the  farm  is  dealt  with.  The  work  may  l>e  uken  as  thoroughly  accurate,  the  whwtwW* 
eaUee  having  been  revised  by  Dr.  Pieaai.  We  cocdiaUy  reeoesaiendii."— MTs  iKsfMy  Mmmp'' 


AGRICULTURE,  FARMING^  GARDSlflNG^  6v.  4c 


IhB  Management  of  Beee. 

BEES  FOR  PLEASURE  AND  PROFIT  :  A  Guide  to  the  Manipula- 
tion of  Bees,  the  Production  of  Honey,  and  the  General  Management  of  the  Apiary. 
By  G.  Gordon  Samson.  With  numerous  Illustrations.  Crown  8vo,  cloth. 
"Ine  intending  bee-lcecpcr  will  find  exactly  the  kind  of  information  required  to  enable  hiri  t  iTuikc 

a  succe»tfuJ  aiart  wttb  his  hives.  The  author  t»  a  thoroughly  coinpeteat  teacher,  and  bis  book  ioay  be 

QmrnnAti.-^SUnting  Put, 

Farm  and  Estate  Book-keeping. 

BOOK-KEEPING  FOR  FARMERS  AND   ESTATE   OWNERS.  A 

Pmctical  Tm*-  c,  r  resenting,  in  Three  Plans,  a  tt  m  ndapted  for  all  Classes  of 
Farms.  Ity  Johnson  M.  \Voooman,  Chartered  Accountant.  Second  £dilioiv 
Revised.   Croirn  8to,  3^.  6d,  dodi  boards  ;  or,  2s.  6d.  cloth  limp. 

"The  volume  is  a  cap'tal  ^lu<ly  of  a  most  Imp<irt*nt  subject."  -A^i"!,  u!tnra!  CiiZi! 
"  The  young  farmer,  Ltnd  agent,  and  surveyor  wiU  had  Mr.  Wocxlmao's  treatuc  more  thau  repay- 
iu  cost  and  ituAy."— Building  Ntmt* 

Farm  Account  Book. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving  a  Wcckl)^ 
Labour  Account  and  Diary,  and  showing  the  Income  and  Expenditure  under  each 
Department  of  Crops,  Live  Stock,  Dairy,  &c.  &e.  With  Valuation,  Profit  and 
LoKS  Account,  and  Balance  Sheet  at  the  end  of  the  Vear.  By  JOHNSON  M.  Wood. 
MAN,  Cliartercd  AoGOiutant,  Author  of  **  Bookkeeping  for  Farmers."  Folio^ 
jj.  bd.  half-bound. 

*'  Comtaiiw  ewy  requmie  fMna  ftir  Itcepiof  Cvn  aceoanU  readilj  and  accoiately.**— il/HlrwiMw. 

Early  Fruits,  Flowers  and  Vegetables, 

THE  forcing-Garden  ;  or,  How  to  Grow  Early  Fruits,  Flowers, 
and  Vegetables.  With  Plans  and  Estimates  for  Building  Glasshouses,  Pits  and 
Frames.    With  Illustrations.    By  Sa.mukl  Wood.    Crown  8vo.  3J.  6</.  cloth. 

"  A  good  book,  and  fairly  hlU  a  place  th.it  w.is  in  some  (1ci:rce  vacant.  The  book  kwritlcawith- 
grctt  care,  and  cont.iins  a  great  deal  of  valuable  teaching." — GartUturs'  JIag»M'm€> 

Good  Gardening. 

A  Plain  Guide  to  Good  Gardening;  or,  How  to  Grow 

Vegetables,  Fruits,  and  Flowers.   By  S.  Wood.  Fourth  Edition,  with  considerable 

Addtiion.*;,  <S;c. ,  and  numerou?  Illustrations.    Crown  8vo,  3/.  6<t  cloth. 

*' A  very  good  book,  and  one  to  be  luj^hly  recommended  as  a  practical  guide.  The  practical  direc- 
tions are  excellent." — Atkenamm. 

**  May  be  rccommeaded  to  young  gardener*,  cotugers,  and  specially  to  amateurs,  for  the^aio,  simple, 
aad  mmwoithy  iafMmati«o  it  gives  on  coaaea  natseis  too  ofna  uegUcud.'''-Gmnltmenr  CirKiifU, 

Gainful  Gardening, 

MULTUM-IN-PARVO  Gardening;  or,  How  to  make  One  Acre  Ot 

Lnnd  produce  /'620  a-year,  by  the  Cultivation  of  Fruits  ant?  Vegetables ;  also» 
iiow  to  i»row  blowers  in  1  hree  Glass  Houses,  so  as  to  reaii^  jC*7^  per  annum 
dear  Profit.  By  Samuel  Wood,  Author  of  **Good  Gardening^' Ac  Fifth  and 
Cheaper  Edition,  revised,  with  Additions.  Crown  Svo,  is.  sewed. 
**  W«  aic  bouiMl  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gcatlemaD's  gar« 
4cocr.  but  to  tha  niarkct  erwKV.^'—Otwdmtrg*  M^goMime* 

Gardening  for  Ladiee, 

The  LADIES'  Multum-in-Parvo  Flower  Garden,  ano 

Amateurs  Complete  Guide.  WithlUusts.  ByS.  Wood.  Cr.  8vo^  jx.  cloth. 

"TkisvoluaM  oeonuiM  a  good  deal  of  aouodf  conuDoa-ime  iaairttetiott."'~/SIMv/. 

"Full  of  shrewd  hints  and  useful  inttittctioAS,  basad  <m  a  lifbtWM  99fmuC9,**-r^e9tswiam, 

Beceipts  for  Gardeners. 

Garden  Receipts.   Edited  by  Charles  W.  Qujn.    i2mo,  IS.  6d. 

doth  limp. 

"  A  useful  and  handy  book.  T^*™?f  a  good  daat  of  valnaUa  iofonMlion.*'-- './IMtfiMiMi. 

Market  Gardening. 

Market  and  kitchen  Gardening.   By  Contributors  to  "The 

Garden."  Luaipiled  by  C.  W,  Shaw,  late  Editor  01  "Gardening  Illusiralcd." 
l2mo,  3f.  6'/.  cloth  boards. 

"  i  he  most  valuable  comp«iidkm of  kfoelMHi and  ouwksl^faideawQfkpttbUalMd.''--^^ 

Cottage  Gardening. 

Cottage  Gardening;  or,  Flowers,  Fruits,  and  Vegetables  for 
Small  Gardens.  By  £.  Hobday.  i2mo,  i/.     doth  limp. 
■*  CoBtnas  aadi  ohU  iafonwlieB  at  a  sauU  cha«va*--<r£MfPviir«nM^ 
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AUCTIOHSERING,  VALUING.  LAND  SU&¥XTZMO| 

ESTAT£  AGENCY,  etc. 

Auetioneer's  Assistant 

'  The  Appraiser,  auctioneer,  Broker,  House  and  Estate 

Agent  and  valuer  s  Pocket  Assistant,  for  the  Vaiuaitun  fur  rurchase»  Sale, 
or  Renewal  of  Leases,  Annuities  and  Reveisioos,  and  of  property  generalljr ;  widi 

Prices  for  Iiivenforlcs,  v';;c.    Ry  Jojis'  WiiF.nLER,  Valuer,  >ixth  ELlttioc, 

Re-written  and  greatly  Extended  by  C  Ko&iiis,  Surveyor,  Vainer,  i&c  Bapl 
32010,  5j.  cloth. 

"A  neat  .»iul  I  I  II.  Im,"  book  of  rorcrrnce,  cntUainini;  ari  A'!m\r.iV'!e  .inl  clearly-arrancril  lisr  of  pcictt 
fi>r  tnventorio,  ^iid  a  vr-tv  pract!c.»l  ^niiit  to  detrrniitic  the  >  iluo  o(  furmtur*?,  Ac." — Sf.t'-::'a-'J. 

"Contains  a  large  .;uji,iit\  ot  v.iricil  ami  u>cfiil  informjti  Jii  .is  to  the  v.jhi.iti. >n  for  purchase,  cf 
reoewal  of  i«Mca,  aonuttics  and  ret-er»ion».  and  of  propertv  geoerallr,  with  pncM  for  •aventonea,  mmdm 
guide  to  deunuoe  ihe  «al«e  of  iaimor  ftidags  and  olber  cf  ecti*"— SucMm 

Auctioneering* 

AUCTIONEERS  :  THEIR  DUTIES  AND  LIABILITIES.    A  Manual  of 

Instruction  btim  roundel  for  the  Voung  Auctioneer.  By  Robert  Sqltibbs,  Auc- 
tioneer. Secuml  LUiiion,  Revised  and  partly  Re- writ  ten.    Demy  8vo,  izs.  6d.  cloth. 

Opinions  op  thb  Puss. 

"Thi  ^tr^nilan!  tc\i  1>  ■  k  on  thr  topif'i  of  uhich  it  In-ats." — Athnt.Tum. 

"Till'  wi  ik  IS  ont  '  t  u'<-iii  ral  exceUcDt  character,  aixi  gives  much  iiii<ir:iiatii>n  it:  a  comppndiocs 
and  satist'-ictory  tiirtii  '  IxitlJer. 

"  May  be  n  .mui«;iiti»;d  as  »:iv^^^:  .t  Rreat  deal  iif  information  on  the  law  rf'l.uing  tc  u  icu  netrs, 
in  a  \n  y  rt  adablt  form." — L.tw  Ji  •ji>.ui. 

"  Auctioneers  mav  be  congratulated  on  having  so  pleasing  a  writer  10  minister  to  tbcir  tprrff' 
iieedt."-^efM«n'  J^mai. 

**  Every  auetioiMerou^t  to  pom$t  a  copy  of  this  excelleut  work."— frtmmut^ptr. 

"Of  gre«tviduelotliepror«flalan.  .  .  .  We  readily  welcome  this  book  frOMi  the  fMtttiaC  it  matt 
the  siibjcti  in    itu:-t) -r  ^  vi-wh-it  ti^w  tO  tllC  pPOfcnioo," — £*tat4t  GitMdtUt 

inwood's  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  FREEHOLD, 
Copyhold,  or  Leasehold;  Annuities,  Aovowsons.  &c..  and  for  the  Renewirvg 

of  Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Cofporate  bodies,  for 
Terms  of  \l-^t%  certnin.  and  for  Lives  ;  also  for  Valuing  Reversionary  E«;t.itc^.  De- 
ferred \ nullities,  Next  1'rcsentation.s  «icc.  ;  together  with  S.mart's  Five  iabies  of 
Compel  I  '  Interest,  and  an  Extension  of  the  same  to  Lower  and  Intennediate 
Rates.  }'>y  \V.  INWOOD.  24th  Kdition,  with  consldcraljlc  Ailditions,  and  new  ani 
valoabie  Tables  of  Logarithms  for  the  more  DUticuU  Computations  of  the  Interest 
of  Money,  Discount,  Annuities,  &c,  by  M.  F£dor  Thouax,  of  the  SocieteCr^t 
Mobilier  of  Paris.  Crown  8vo,  Ss.  cloth. 
"Those  interested  in  the  purchase  and  »ate  of  csutes,  aod  in  the  adjitstnaent  of  compensatioo  cases, 
as  well  as  in  trans.icii  >ns  in  mnoiutici^  life  iaiaiaiiccs,  fte.,  will  ibd  the  pitwwt  oditioa  «f  mhmk 

service," — Enrineering. 

"  *  Inwood's  Tables  '  still  tnaintain  a  moot  enviable  reputation.  The  new  issue  has  been  enriched  by 
lwg«  additional  eontributioat  by  M.  F^dof  Thoown,  whose  carefully  •arranged  Tables  caimoc  iul  to  bs 
of  the  utanott  utjlity.'*^ilfrWiq>-  TmrMo/. 

Agrieultural  Valuer's  Aesietant 

THE     AGRICULTURAL    VALUER'S    ASSISTANT.     A  Pncdcd 

Handbook  on  the  Valuation  of  I m  led  Estates:  includinj^  Rules  and  Data  for 
Measuring  and  Estimating  the  Contents,  Weights  and  Values  of  AgricuUnral 
Produce  and  Timber,  and  the  Values  of  Feeduig  Stnffs,  Manures,  and  Laboor ; 
with  Fonri<5  of  Tcnant-Right  Valuations,  Lists  of  Local  Aj^ricultural  Customs 
Scales  of  Compensation  under  the  Agricultural  Holdings  Act,  &c  &c.  By  Tom 
Bright,  Agricultural  Surreyor.  Second  Edition,  mucn  Enlarged.  Croim  Svo, 
'     5^-  cloth 

**  Full  of  table«  and  examples  in  connection  with  the  valuation  oi  tciiAnt-right,  estates,  labour,  coo- 
tents  and  weights  of  timber,  and  farm  produce  of  ail  kinds." — Afri.  uitural  Gazette. 

-  **  An  emioeDtly  practical  handbook,  full  of  piactical  ublet  aod  dau  of  uadoabted  latenK  and  valae 
to  surrcyors  and  auctionecis  in  pMpazuig  valuaiioDa  of  all  kiBds.**<-~^(itrMMn 

PJantathns  and  Underwoods, 

Pole  plantations  and  Underwoods:  A  Practical  Hand- 
book on  Estimating  tho  '  n  r  of  Forming,  Renovating,  Improving,  and  Grubbing 
Plantations  and  Underwoods,  their  Valuation  for  Purposes  of  Transfier,  Rental, 
Sale  or  Assessment.  By  Tom  Bright,  Avtbor  of  <*  The  Agricaltural  Valscr's 
Assistant,"  ivc.  Crown  Svo,  3/.  M  cloth. 
"To  valuers,  f  .r*  st.  rs  and  .i^'ciits  it  will  be  .i  welrotnc  aid  " — Xcrih  Bninh  A  i:rjcu^tunst, 
"  Wi'U  calculalt'l  t"  -I'sisi  ttu  valui  r  in  ilu-  liiscii.^rge  of  hi^  >Uities,  and  of  undoub:r<l  intsml 

and  use  both  to  suiveyora  and  auctioneers  in  preparing  valuations  of  all  kinds."— A'<n/  Htrjdd, 
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Hudson's  Land  Valuer's  Pocket-Book. 

The  Land  Valuers  Best  assistant:  Being  Tables  on  a 

very  much  improved  Flan,  for  Calculating  the  Value  of  Estates.    With  Tables  for 
reducinfj  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute  Measure,  &c 
By  K.  Hudson,  C.K.    New  Edition.    Royal  32mo,  leather,  elastic  band,  4/. 
**  Of  laeakalable  value  to  the  eotiotry  gentleauui  and  profswioiial  num.'*— /WnHviV  y0imimL 

EaarVs  Land  Impnmr'a  Pi)oket-Book. 

The  Land  Improver's  Pocket-book  of  formul/e,  Tables, 

AND  Memoranda  required   in    any  Computation  relating  to  the  Permanent 
Improvement  of  Landed  Property.     By  John  Ewart,  Land   Surveyor  and 
Agricultural  Engineer.   SeooDd  Eoitioii,  Reinaed.    Royal  33010,  oblong  leather, 
gilt  edges,  with  elastic  band,  4^. 
**A  comp«a<iious  and  handy  little  volume." — Sptctate*. 

Cmfilete  Agrieattumi  Suroeyor'a  PoohetSook. 

THE  Land  Valuer's  and  land  improver's  Complete 

Pocket. Book.   Being  the  above  Two  Works  bound  together.  Leather,  with 

strap,  7 J.  6</. 

House  Property. 

Handbook  of  House  Property:  a  Popular  and  Practical 
Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of  Houses  and 

Land,  including  the  Law  of  Dilnjndations  nnd  Fixtures:  with  Examples  of  all 
kinds  of  Valuations,  Useful  Information  on  Building  and  Suggestive  Elucidations 
of  Fine  Art.    By  E.  L.  Takbuck,  Architect  and  Surveyor.    Fifth  EdiHon, 

Enlarged,    i2mo,  5/.  cloth. 
"The  advice  is  thorouKhly  practical."— jL/iiw  y^urmtl. 

"  For  all  who  have  dealings  with  house  property,  this  is  an  indispensable  guide." — Decoration. 
"  Carefully  brought  up  to  date,  and  mach  improved  by  the  addition  of  a  division  oa  Fine  Art* 
•  .  .  .  A  weU-writtraaadtboagbtftil  work.*'— LaMf  i4fyN<*s#r«cei^. 

LAW  AND  anSGELLANgOUS. 

Maate  Bill  Legislation  and  Prouitionai  Orders. 

Handbook  for  the  use  of  solicitors  and  engineers 

li^ngagcd  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders,  for  the 
authorization  of  Railways,  Tramways,  Works  for  the  Supply  of  Gas  and  Water,  and 
other  undertakings  of  a  like  character.  By  L.  LivingstoK  Macassey,  of  die 
Middle  Temple,  liarrister-at-Law,  and  Member  of  the  Institution  of  Civil  Engineers; 
Author  of  "  Hints  on  Water  Supply."    Demy  8vo,  950  pp.,  255.  cloth. 

*'  The  author's  double  experience  as  an  engineer  and  barrister  h.is  enabled  him  to  approach  dM 
subject  alike  from  an  engineehog  and  legal  point  of  view.''— ^^o/  Ocvtrtmumt  CkrvHKie, 

Law  of  Patents. 

Patents  for  inventions,  and  How  to  Procure  them 

Compiled  for  the  Use  of  Inventors,  Pstentees  and  others.  By  G.  G.'  M.  Hakoing- 
HAM,  Assoc.  Mem.  Inst.  C.E.,  Sec  Dmj  Sto,  u,  6d,  doth. 

Labour  Disputes. 

Industrial  Conciliation  and  arbitration:  An  Historical 

Sketch,  with  Practical  Suggestions  for  the  Settlement  of  Labour  Disputes.  By 
J.  S.  Jeans,  Author  of  ** Railway  Problems*"  "England's  Snpremacy,"  &c. 
Qmnk  8vo,  too  pp.,  21.  6d.  doth.  (fust  piMisked, 

Pooket-Book  for  Sanitary  (fffiolals. 

The  Health  Officer's  Pocket-Book  :  a  Guide  to  Sani- 
tary Practice  and  Law.  For  Medical  Officers  of  Health,  Sanitary  Inspectors, 
Members  of  Sanitary  Authorities,  &c.  By  EDWARD  F.  Willoughby,  M.D. 
(Lend. ),  &c. ,  Author  of  **  Hygime  and  Public  Health."  Fcap.  8vo,  7s.  M. ,  cloth, 

red  eflge?,  rounded  comers.  ["Y't^f published, 

••  A  mine  of  nmlensed  information  of  a  pertinent  and  useful  kind  on  the  various  subjects  of 
which  it  treats.  Tlie  m.ittfr  seems  to  have  teen  carefully  compiled  and  arranged  for  facility  of 
reference,  and  it  is  well  illustrated  by  diagrams  and  woodcuts.  The  ditferent  subjects  arc  succinctly 
Imt  fully  and  scientifically  dealt  with."— r/M  Lancet, 

•*  Ought  to  be  waloome  to  those  for  whoee  use  it  is  designed,  since  It  practically  boils  down  a 
reCarence  library  iato  a  poohet  vdnnie.  ...  It  combines,  with  an  uncammoa  degnw  of  effieieacj, 
the  qnalities  of  aoemacy,  eoacisaness  and  comprehensiveoatt."— ScoUhmm. 

^  An  eiedlenl  pumieadon.  dMllna  with  the  adentific.  technfetl  and  legal  matters  oomMClad 
with  the  duties  of  medical  officers  of  health  and  sanitary  nspaetors.  The  worit  b  rsplete  widi 
tnformatioa."'-Loeaf  GeMrwfiiriif  Journal, 
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A  CompleU  Epitome  of  the  Lawn  of  this  Country, 

Every  MAN'S  Own  Lawyer  :  A  Handy-Book  of  the  Principles 

of  Law  and  Equity.  By  A  Barrister.  Thirty-first  Edition,  carefully  Revised, 
and  including  the  Legislation  of  1893.  Comprisinj;  (amonc^t  other  Acts)  the 
Voluntary  Conwyatuis  Act,  1893  ;  the  Married  Women's  Prof-erty  Act, 
the  Trustee  Art,  1893  ;  the  S-,-ittji  Fank  Act.  1S93  :  the  B.zr'iJ  lV:re  Act.,  1893  ; 
the  Industrial  and  frovidtnt  Societies'  Act,  1893  *  Hours  oj  Labour  of  Xailway 
Servants  Aet^  fS93;  th«  Fertiliser  and  Feeding  Stuffs  Act,  1893,  etc,  as  weD 
as  the  Beffins^  and  Loan';  (Infiinf.')  Ai  f,  1892;  the  C.iminz  Act.  18*52  ;  the  S':i};> 
Hours  Act,  1892  :  the  Conveyancing  and  K^al  Property  Ait,  1S92  ;  ihe  Small  Hold- 
ings Act,  1892  ;  aod  nmny  other  new  Actt.  Crown  8vo,  700  pp.,  price  6ir.  %L  (saved 
at  every  consultation  ! ),  strongly  bound  in  doth.  [Jkrf  pnbHtJUd, 

The  Book  win  (•<•  f.Htnil  to  comprise  ( amongst  other  matter)  — 

The  Rights  and  Wkongs  of  Individuals — Lakulokd  and  Tenant — 

VEKDOKS  and  PURCHASBIS — PAtTNBSS  AND  AGBMTS— COMPANIES  AND  AsSOdA- 

nir,Ns  M\sTFK<;,  Servants  and  Workmen— Leases  and  Mortgages — Libel 
AND  Slander — Contracts  and  Agreements — Bonus  and  Bills. of  Sals— 
Che'juf.s,  Bills  and  Notfs— Railway  and  Shipping  Law — Bankruptcy  and 
Invi  kanck— Borrowers.  Lfm-i  ks  and  St  reties— Crimtn al  I  aw — Parlia- 
mentary Elections— County  Cut  ncils— Mi  nicipal  Cok "orations — Parish 
Law,  Churchwardens,  tie.  —Public  Health  and  Nuisances— CorvRicuT  and 
Patents— Trade  Marks  and  Designs— Husband  and  Wife,  Divorce,  ktc.— 
Trustees  ani>  Fx vrLtTORs—C.i  AKr>iAN  and  Ward,  Infants,  etc  -Game  Laws 
AND  Sporting  Horses,  HoK^E  dealing  and  Dogs— Innkeepers,  Licensing^ 
ETC.— Forms  of  Wills,  Agreements,  etc.  etc 

1^  The  object  of  this  work  is  to  enable  those  "ivho  consult  it  to  kelp  tJUmtsdms  tt 
the  law  ;  attd  thereby  to  dispense,  as  far  as  possible,  with  professional  assistance  ana 
advice.  There  are  many  wrongs  and  grievances  which  persons  submit  to  from  time  tc^ 
time  ikrough  not  knonnng  how  or  where  to  apply  for  redress  ;  and  many  persons  kmn  as 
X'-ciTf  fj  dread  of  a  lawyer  s  ojjice  as  of  a  lion's  den.  With  this  look  tit  hand  it  :s  cc'ier"^ 
that  many  a  Six-and-Eighti'ENce  may  be  saved;  many  a  wrong  redressed  ;  many  a 
right  reclainud ;  many  a  lata  suit  avoided;  and  many  an  evil  ahated.  Tie  tntrk  Ikar 
established  itself  as  the  standard  Ici^'al  ad:  istr  of  all  classes,  and  has  also  made  a  reputa- 
tion for  itself  as  a  useful  book  of  reference  for  lawyers  residing  at  a  distatue  fram  ism 
HhnHes,  tiAa  aregiaS  ia  have  at  hand  a  worit  embodying  rteeni  deeisi^amdenaetmemft* 

Opinions  of  the  Press. 

*•  It  u  ^  CTTiplcte  rodf  nf  English  Ltw  wriif-r;  ^■^  pliin  language,  which  a!l  r.in  underhand.        .  . 
SilOuldbe  in  me  n^ua-,  ol  every  business  ni.in,  and  aii  who  wish  to  abolish  lawyers'  b»U«." — IVtirJhijr  Tumet, 

"  and  coiici-v?  epiti-»m.-  r,i  i!,-  I  .  y,  compiled  with  coMidMaibk  caK.**-~-£Mv  M^maim. 

"A  conipletf  di^e=;t  of  t  tie  most  u  i  Jii  f.ict5  which  constitute  English  law  " — Glohr. 
"This  eicellenl  handbook.  .  .  .  A'hiiirahlv  done.  admirHblv  arranged,  and  admirably  cheap."*-— 
L«nIs  Meseury. 

"  A  concise,  cheap,  and  complete  epitome  of  the  Eoglith  law.    So  plainly  written  that  Hewhwroat 

may  rcad^  and  he  who  reads  may  understand. " ' — Figaro. 

"  A  dictionary  of  Irgal  '.icK  well  ivit  fyjelhef.    Thc  book  Vt  •  WCJf  ttMftlt  (Wit  "  ^PtttatWr. 

"  A  work  wbicti  h.i-  i      bcea  wanted,  wiucto  ti dMTOu^MjMvejldone. and whiA  we mBM carfUDy 
lecommand.*  '-rSumdaj^  Jimft,  , 

•♦The  latttt  editioii  of  thie  popular  book  ou.^h;  m        m  cw:r>'  ':-Mivmr....  r--..':/;-}.r:irrit.  .-.ri.J  every 

V^nt^J^\^"Sheffi*U  Pott. 

^^'•Acomplete  epitome  of  the  law;  thoroogWjnnieUijibj^^non^^ 
lAfe, 

Legal  Guide  for  Pawnbrokers, 

THE  PAWNBROKERS'  FACTORS'  AND  MERCHANTS'  GUlOE  TO 
THE  UW  OF  LOANS  AND  PLEDQEt.  With  the  Statutes  and  a  Dinst  of  Cases.  1^ 
H.  C.  FoLKARO,  £sq,»  Barrister>at-Law.   Fcap.  8vo,  js,  6*/,  doth. 

The  Law  of  GontraotB. 

'Labour  Contracts  :  a  Popular  Handbook  on  the  Law  of  Coih 

tracts  for  Works  and  Services.  By  David  Gibbons.  Fourth  E.lition,  wilh  AppcndiE 
of  Statutes  by  T.  F.  Uttley,  Solicitor.  Fcap.  Svo,  js.  6d.  doih. 

Ttie  Factory  Acts. 

Summary  of  the  factory  and  workshop  acts  (1878-i89i>. 

For  the  Use  of  Manufacturers  and  Managers.  By  Emils  Garcke  and  J.  M, 
Fells.  (Reprinted  from  **  Factory  Accounts.")  Ciown  Sto^  6d.  sewed. 


^onb^n,  1862, 

THB   PRIZB  MBDAL 
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««WBALB*8  SBRIBS." 


A  NEW  LIST  OF 


WEALE'S  SERIES 


OF 


RUDIMENTARY  SCIENTIFIC  WORKS. 


1^  **  WEALE'S  SERIES  indudes  Text-Bookt  on  almost  every  branch  of  Science 

and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture  and  Building,  Civil 
Engineering,  Fine  Arts,  Mechanics  and  Mechanical  Engineering,  Physical  and  Chemical 
Science,  and  many  miscellaneous  Treatises.  The  whole  are  constantly  undergoing  revi- 
cion,  and  new  editions,  brought  up  to  the  latest  discoveries  in  scientific  research,  are 
constantly  issued.   The  prices  at  which  they  are  sold  are  as  low  as  their  excellence'  is 

assured." — American  Literary  Gazette. 

"Amongst  the  literature  of  technical  education,  Weale's  Series  has  ever  enjoyed 
a  high  repuution,  and  the  additions  bemg  made  by  Messrs.  Crosby  Lockwood  &  SON 

render  the  series  even  more  complete,  and  bring  the  information  upon  the  Sevend  snbjects 
down  to  the  present  time." — Mining  Journal. 

**  Any  persons  wishing  to  acquire  knowledge  cannot  do  better  than  look  through 
Wbalb's  Sbribs  and  get  au  the  books  they  require.  The  Series  is  indeed  an  inexhaus- 
dble  mine  of  litemiy  wealth.*'— 771/  MdropolHan, 

"  Weale's  Series  has  become  a  standard  as  well  as  an  unrivalled  c<dIectioa  ot 
treatises  in  all  branches  of  art  and  science." — Public  Opinion. 

"The  excellence  of  Wrale's  Series  is  now  so  well  appreciated  that  it  would  be 
srasimg  oor  space  to  enlarge  upon  their  general  nsefolness  and  rt3bxt^''^Builder, 

"It  is  not  too  much  to  say  that  no  books  have  ever  proved  more  popular  with  or 
more  useful  to  young  engineers  and  others  tlian  the  excellent  treatises  comprised  u 

WlALB'S  ^KVilVS."— Engineer. 

'*  The  volumes  of  Weale's  Series  form  one  of  the  best  collections  of  elementary 
technical  books  in  any  language." — Architect. 

**  A  collection  of  technical  manuals  which  is  unrivjUled." — Weekly  Dispatch, 
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WEALE;S  JiDIMENTARY  SCIENTIFIC  SEMES. 

rhe  Tolumes  of  this  Series  are  freely  Illustrated  with  Wood* 
cuts,  or  otherwise,  where  requisite.   Throughout  the  following  List  it  miM 
men    b'.' untJt  r stood  that  the  books  are  bound  in  limp  cloth,  urlt'<s  o'-herwiix; 
stated ;  tut  th<  volunus  marktd  with  a  X  ^        itron^ij  komud 

iM  elotk  boards  for  txira. 

N.P.—/n  order iMg  from  this  Lisi  it  it  rteommmdid,  tu  a  mczni  */ 

facilH  itim:  b-t "  v  •  •  Y  r^-  :  -tins^  error,  tO  ftUit  Ik*  mmwUien  ofixtd  t*  tit 
volumes,  as  iueii  us  ike  tides  and  prtces. 


CIVIL   ENGINEERING,  etc. 

a».  WELLS  AND  WELL-SINKING.  By  John  Gfo.  Swindet  t  . 
A.R.I.B.A.,  and  G.  R.  Bu knell,  C.E.  Revised  Edmoo.  With  a  New 
Appeodix  on  the  Qualities  of  Water.  Itlusttated  

"  Solid  practical  information,  written  in  a  concise  and  IncM  si  vie.    The  work  cas  ba  KCOSUMttdMl 
%.l  a  text-book  for  all  surveyor*,  architects.  S<.c."~hv>i  and  Coai  1  mtiet  Rex-it^. 

35.  TJIE  ry LASTING  AND  QUARRYING  OF  STONE. 
for  Building  and  other  Purposes.  With  Ketnarks  on  the  Blowinj^  np  of 
Bridges.    By  Gen.  Sir  J.  I?urgoyne,  K.C.B.  1/6 

43.  TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES. 
describing  the  Britannia  and  Conway  Tubular  Bridges.  With  a  Sketch  of 
Iron  Bridge,  &c.  Bjr  G.  DtYSOALB  Dbmpsbt,  CE.  Fourth  Editioo     .  afo 

^FOUNDATIONS AND  CONCRETE  WORKS.  WithPrac- 

ticnl  Remarks  on  Footings,  Planking,  Sand.  Concrete,  B^ton,  Pile-driviog. 
Caissons,  and  Cotlerdains.   By  E.  DoBSON,  M.R.I.B.A.    Seventh  Edition  . 

60.  LAND  AND  ENGINEERING  SURVEYING.  For 
Students  and  Practical  Use.     By  T.  Baker.  C.E.    Fifkeenth  Edilion, 

revised  and  corrected  by  J.  R.  YorNG,  formerly  Professor  of  Mathematics, 
Belfast  Culkge.    Illustrated  with  Plates  and  Diagrams  ....  • 

8o«.  EMBANKING  LANDS  FROM  THE  SEA.  With  Examples 

and  Particulars  of  actual  Embankments,  ftc    By  J  onn  WtCGiKS,  P.G.S.    .  a/o 

81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.  With 

a  Description  of  the  Princip.il  Geological  Formationsof  England  as  influencing 
Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery  for 
raising  Water.  By  Samitel  Hughes,  F.G.S..  C.E.  Enlarged  Edittcn  .      .  4M 

"  F.vprv  one  who  is  debating  haw  hi«  village.  tOWa»OrcilyshaU1lCplca«Ubtly  SUpplM  With  fHW 

Waler  kboukl  read  this  b:>ok."— -.Vrrcdw//^  Cmtrant. 

ny.  SUBTERRANEOUS  SURVEYING.    By  Thomas  Fek- 

wicx.  Also  the  Method  of  CoiiducthwSttbtcrraiieous  Surveys  without  the  me 

of  the  Magnetic  Needle,  and  other  modem  I mprovemcnti.  ByT.  Baker,  C.E.  ifSt 

S18.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  A 

Sketch  of.    Py  David  Stevknsox,  F.R.S.E.,  *c.    Plates  and  Diagrams.  .3,0 

jfo.  A  TREATISE  ON  THE  A PPLICATION  OF  IRON  TO 
THE  CQA'STA'UCTJON  OF  JiA'/DGFS.  ROOFS,  AND  OTHER 
WORKS    By  FitANCIsCAMPiN.  C.F..    Fourth  Edition      .      .      .      .  a,6J 

"  For  tiumbcn  01  jronng  engioans  the  book  is  Jiwt  ibe  cbeapb  handy*  first  fuide  tlwy  vsaL"'* 
Middiu^roHtk  Wtskty  Nt*n.  **  Renunltablv  accurate  and  well  wn!Uan.**-~Ari^»m. 

x^.  ROADS  AND  STREETS  (THE  CONSTRUCTION  OF  \ 

in  Two  Parts  :  I.  The  Akt  ok  Constructing  Common  Roads,  bv  H. 
Ijiw.  C.K..  Revised  by  D.  Kinnkar  Clark,C.E.;  U.  Recknt  Pkactice: 
Including  Pavements  of  Stone. Wood,  and  Asphalte.    By  D.  K.  Clabk,  CE. 

"A  bool"  which  every  l)oro\i;:h  surveyor  and  ci  mn«.i  posses^,  and  which  will  be  ofoaandCtlUs 

Mrvice  to  jrchitci.  t>,l>viiI(Jcrs,  and  properly  owners  generally." — liuiidimg Sews. 

^SANITARY  WORK  IN  THE  SMALLER  TOWNS 
AND  fS  VILLAGES.  By  Charlss  SlaGg»  Assoc  M.  Inst.CE.  Second 

Edition  rnliircfed  3/ot 

**Thit  is  a  very  useful  book.   There  is  a  itreat  deal  of  work  required  to  be  doae  in  the  sxnaUet  towtf 
aad  villages,  and  tk:s  little  volmne  will  help  these  who  are  willing  to  do  ii."— AnAMIrr. 

IV  ThB  t  imditatts  that  tktse  vols,  may  be  had  strongly  boustd  at  6«/.  actra. 
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Civil  Engineering,  etc.,  continued. 

2«.  TJIE  CONSTRUCTION  Of  GAS  WORKS,  and  the  Manu- 
facture and  Disiribtttien  of  Coal  Gas.   B)r  S.  Hughbs.  C.E.    Re-written  bf 

WiLLTAM  RTCiiAK-n'^.  r  K,    Eighth  Fdition.  with  important  Additions        ■  S'^X 

*WUI  be  of  infinite  service  .iliLrj  lo  manufactvirers,  dislnbutort,  »nd  coiiMiciicrs.  '— /"</ri'w,ii»  EntiiHttr. 

ai3.  PIONEER  ENGINEERING:  A  Treatise  on  the  Engineering 

Operadont  comteeled  with  the  Settlemeiit  of  Waste  Lands  In  New  Countries. 

By  Edward  Dmhsom,  A.I.  C.E.    With  numi  m  is  Plates.    Second  Edition     4 '"^t 
"  Mr.  Dobwu  IS  faniili.-ir  uilh  the  (liRiculUes  which  have  to  be  overcome  in  thi*  class  of  work,  ;iud 
much  of  h      1 V  ice  will  be  valuabla  i»  yottag  cagiOMt*  pWWmUllK  ta  OUT  colOBiSi.  **'—Mmgin4*rine, 

MATERIALS  AND  CONSTRUCTION:  A  Theoretical 

and  Practical  Treatise  on  the  Strains,  Desiring,  and  Erection  of  Works  of 
Constrnctkm.   By  Francis  Campin,  C.E.  Second  Edition,  carefully  revised,  ^/oj 

"  Xn  better  exposition  of  the  practical  application  of  the  principles  of  construction  kas  yet  OM^ 

published  to  our  knowledge  in  such  a  cheap  comprehensive  form." — Building  Ntws. 

319.  CIVIL  ENGINEERING,    By  Henry  Law,  M.  Inst.  C.E.. 
Including  a  Treatise  on  Htdraulic  EiiGiNBEtttNG  bjr  O.  R.  ButtHKLL, 
M.I.C.E.    Seventh  Edition,  revHfd  with  Lakgb  Addition's  on  RECtiNT 
Pkacticb  by  D.  Kinnear  Cuakk.  M.  Inst.  C.£.   ds.  6J..  cloth  boards     .  7/6- 
**  Aa  admiraUa  voIiiim,  which  we  wataUy  feeonunead  to  younc  vagatemJ^—Bmiidtn 

^  IRON  BRIDGES  OF  MODERATE  SPAN:  Their  Con- 

siniction  and  Erection.    By  HAMfLTON  Weldon  Pendked,  late  Inspector  of 
Ironworlt  to  the  Sallord  Ouporauon.    With  40  Illustrations   ....  2/0 
"  Student!  aad  cB|iae«iihould  ohmia this  book  for  coastutaad  piactical  uae.*'-C«liKn9  GiuurdMm 

a«.  THE  DRAINAGE  OF  LANDS,  TOWNS,  AND  BUILD- 

INGS.  By  G.  D.  DR^^P'^K^■,  C  K  I'evised.  with  large  Additions  on  Herrnt 
Practice  in  Drainage  h-ngiuecrinij,  by  D.  Kinneak  Clark,  M.I.C.E.  becond 
Edition,  corrected  4/6t' 

MECHANICAL  ENGINEERING,  etc. 

33,  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Hea%y  Bodies  for  the  Erection  of  Buildings,  &c.    By  Joseph  Glynn  ,  F.K.S.  j/6 

34.  THE  STEAM  ENGINE.    By  Dr.  Lardner.    Illustrated  .  x/6 
STEAM  BOILERS:  Their  Construction  and  Management. 

By  R.  Armstkong.  C.E.  Illustrated     •  •      •  1/6 

'*  A  mat*  of  ittlbmailOB  mtiabla  lor  bogiBBCfi."— ZTtm^ii  mtid  JIM. 

8a.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  give  motion  to  Turbines  and  other  Hydrostatic  Engines.   By  JOSSPH 
Glynn,  F.R.S.,  &c.   New  Edition.  I llustrAted      ......  a/o- 

98.  PRACTICAL  MECHANISM,  and  Machine  Tools.    By  T. 

BAKBK.C.E.  With  RenuuksoaToob  and  Machinery,  by  J.  NasmytHiCE.  a/6 

,39.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical 

Theory  of,  with  Rules  and  Examples  for  Practical  Men.    Py  T.  Baker,  C.E.  1/6 
"Teems  with  scientific  information  in  reference  to  the  steam-cnsinc.  -Dtu'^n  atui  IViyrk. 

,64.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,  and  Locomotive  Engines.  P'loating  Docks,  Dredging  Machines,  Bridges, 
Ship-building,  fire.     By  |.  G.  WiNTON.    Fourth  Edition,  Illustrated.        .  3/6J 
**  Whether  for  the  appraatice  datermined  to  master  hi*  profcwion,  or  for  the  artisui  beat  upon  jrai»ii^ 
hiiasdf  to  a  higher  positioB,  this  dearly  written  and  practical  treatise  will  he  a  great  helpk**— A»/mmmi. 

X65.  /ff<9iV.<4JVr2>^iS^7;  exhibiting  the  Principles  concerned  in  the 

(Construction  of  Iron  Beams,  Pillars,  and  Girders.     By  J.  AXMOUK,  C.E.    •  ft/6 

"-\  very  u:>eful  and  thorouRhly  prnctical  little  voinmc."— Jouttia!. 

x66.  POWER  IN  MOTION:  Horse-power  Motion,  i  oothed-Whcel 
Gearing,  Long  and  Short  Driring  Bands,  Angular  Forces,  *c.    By  James 

.•\rmour.  C.T"     With  73  Dirij^-nms.   Third  Edition  2/0J; 

*'  The  value  of  the  knowledge  imparted  cannot  well  be  over-estimated."— A'.-u'faj/i^  iVeekiy  Lkntm. 

lju  THE    WORKMAN'S  MANUAL   OF  ENGINEERING 

DRA  WiNG.    By  JoHK  Maxton,  Instructor  in  Engineering  Drawiof;. 
Ro9«l  Naval  Cotlcge,  Ofi»aiwieb.  Seventh  Edition.  300  Plates  and  Dis^ZMns  ^ 
**K  eopy  of  it  thmild  be  kept  for  refbmce  in  every  tirawinc  ofRf7*^BmiiiufTime, 

•S-  Xlu  X  indicate  that  that  vols,  n  a/  bt  had  strongly  bound  at  6J.  extra. 
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Mechanical  Engineering,  etc.,  conimued. 

190.  STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able, An  Elementarjr  TretHie  on.  Being'  an  EstensioB  of  UieTVectise  on 

the  Steam  Engine  of  Mr.  J.  Skut.ll.  By  D  K.  Clark.  C.E.  Third  Edition 
"  Every  essential  part  of  the  subject  is  treated  of  competently,  and  in  a  popular  Kyle." — ir«m, 

aoa  J^(/EZ,  ITS  COMBUSTION  AND  ECONOMY,  Con- 
sisrin^  of  an  Abridgmmt  of  "  A  Treatise  on  the  Cotnbastloa  of  Coal  and  the 

Pn  v-  iition  of  Smoke."    By  C.  W,  WiLLTAMS.  A. ICE.    With  ext^-nsive 

Addiiions  by  D.  KiNNEAR  CuutK,  M.  Insu  C.E.  Third  Edition,  corrected  3/6} 

«f  "Stndcntt  tlMmldbtty  ^  book  and  read  it.  as  one  of  the  ouwt  compiele  and  satiiftiecory  treaibt*  m 
Clie  combustion  and  economy  of  fuel  to  be  had." — Engineer. 

MS.  LOCOMOTIVE    ENGINES,  A  Rndimeniary  Treatise  on. 

Bjr  G.  D,  Dempsky,  C.E.    With  large  Addiaons  ireatiing  of  the  Modern 
Locomotive,  by  D.K.  CLARK,  M.  Inst.  C.E.   With  numeroos  lUnHratiOiii  . 
*' A  model  of  what  an  elementary  tcchnirnl  *       should  be." — Academy. 

axi.  THE  BOILERMAKER^  ASSISTANT  in  Drawing,  Tem- 
plating,  and  Calcolatiniir  Boiler  Work,  &c.  By  J .  Coitktkby,  Pi^ical  Boiler> 
maker.   Edited  by  D.  K.  Clark,  C.E.    Third  Edition,  revised  .  a/o 

'  **  Wiih  venr  mat  aur« we  iiavecone  throuebthe  *  Boikniakcr's  Awictaitt,' and  have  to  aayibat  it 
baa  oiiu-  unqoalined  appravaL  SoureeQr  a  poiat  baa  been  oaUttad."— i'irmwMi  £i^gimttr, 

m.  SEWING  MACHINERY z  Its  Constmctton,  Htstoty,  &c 

With  full  Technical  Directions  for  .Adjusting,  &c.  By  J.  W.  Urquhakt,  C.E.  2/0 

"A  fiiH  deicriptioo  of  the  principles  and  coiutnictioa  of  the  leading  maciuoes,  aod  laioutc  iaatnC" 
tioBa  as  to'  tiMir  naBM8cnMot.**~-SMiSmni«. 

na  MECHANICAL  ENGINEERING.  Comprising  Metallurg>', 

Moulding, Casting,F<Hgiiig.Tools.  Workshop  Machinery,  Mechanical  \f:^nipula- 
tion.  Manufacture  of  the  steam  Eogioe.  &c.   By  Francis  Cahpik,  L.ii..  . 
**  A  aooDd  and  lonricaable  toabbook,  quite  np  to  datc/'—^wiUSitv  Mwr. 

a3&  DETAILS  OF  MACHINERY,    Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron  in  the  Fitting-Shop,  Foundry,  and 

Boiler- Yard.    By  FKANt;is  Campin,  C.E  '.       .  3/0* 

*'  A  ioiind  and  practical  haadliook  Ibr  alt  engaged  ia  the  encbiocring  tKadea."— AnAVAiif  W^Hi. 

.37.  THE  SMITHY  AND  FORGE,  including  the  Farrier's  Art 

and  Coach  Smithing.    By  W.  J,  E.  Cra.ne.    Second  Edition,  revised    .  . 

"The  first  modem  English  book  on  the  kubjcct.  Great  pains  have  been  bestowed  by  the  author 
upon  tbe  book :  shoeing  anitbt  will  find  it  boib  utelut  and  intereatiaf dTiijUler. 

THE  SHEET-METAL  WORKER'S  GUIDE  :  A  Practical 

Handbodc  fcMr  Tinftoiiths.  Copperstniths.  Zincworkers,  &c.,  with  46  Diagrams 
and  Working  Patterns.    By  W.J.  E.  C'RANB.   Second  Edition,  rcTised.       .  1/6 
"The  author  has  .acquitted  himself  with  coa«id«xable  tact  is  tlwoaing  hia  "*T^i  and  with  M 

less  ability  \\\  ireatmg  fhen^  *' — Plumber. 

951  STEAM  AND  MACHINERY  MANAGEMENT:  A  Guide 

to  the  AftanUCfneot  and  Hconom  cal  Management  of  Machinery,  with  HioCS 
on  Con«itruction  and  Selection.    By  M.  PowiS  Balb,  M.IoitM.£.       •  . 

"Of  high  practical  value." — Colliery  Guttrtiian. 

'*Qives  the  results  of  wide  experience."  — /-/"h/  j  Xeifs^,i/rr. 

,54.  THE  BOILER-MAKER'S  READY  RECKONER,  with 
Examples  of  Practical  Geometry  and  Tenvplating  far  the  Use  of  Platers,  Smith*, 
nnd  Riveteis.  By  Johk  CoirmvKr.  Edited  by  D.  K.  Clark,  M.I.CE. 

Second  Edition,  revi.sed.  with  Additions  4/0 

Ho$.  211  and  254  M  On*  Vol.t  haif-bauttd,  tntiUtd  "  Thb  Boilsrmabbr's  Ready* 
Rbcxonbr  and  Assistant.**  By  J.  Cot^RTNEY  and  D.  K.  Claric.  PHu  ys. 

*' A  moat  useful  work.    No  workman  or  apprenil  >:   1.  'uld  be  withont  it."— /rpM  Trude  CtrcnLw. 

•SS.  LOCOMOTIVE  ENGINE-DRIVING.  A  Practical  Manual 
for  Eogiccers  in  charge  of  Locomotive  Engines.  By  MicaABL  Rbynolos, 
M.S.E.  Eighth  Edition.  3^.  6if.  limp ;  eloth  boards  l/S 

"  We  1  r  rifident!y  recommend  the  book,  not  only  to  the  pra  li  .\I  drifcr,  but  CO  CHIJUUi  vfco 
takes  an  im' n  i  m  ihe  performance  of  locomotive  engines. —  The  En^puer. 

2-^  ST  A  TIONAR  Y  ENGINE-DRIVING,    A  Practical  Manual 

for  Engineers  in  charge  of  Stationary  Engines.    By  MlCHABI*  RbtmoLDS. 

M.S.E.    Fourth  Edition.    35.  6«/.  limp  ;  cloth  boards  4*6 

**  The  author  is  thoroughly  acquainted  with  his  subjects,  and  has  produced  a  manual  which  u  an 
«xce«dingly  useful  one  Car  ibe  claia  for  whom  it  is  specially  iatended.'*->-ibvtiMftiAifv 
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MINING,  METALLURGYp  etc. 

^MINERALOGY,  Rudiments  of.    By  A.  Ramsay,  F.G.S. 

Third  Edition,  revised  and  enlarged.    Woodcuts  and  Plates  .       .  .  6J 

"The  authnr  throughout  hA<i  di.splayed  an  iotimate  knowledge  of  his  subject,  and  great  facility  in 
MUtin;  (h  it  Lc.  ov  ledge  to  others.   The  book  is  of  great  utility. "—^iiiiii/'  Journal. 

117.  SUBTERRANEOUS  SURVEYING,  with  and  without  the 

Magnetic  Needle.    By  T.  Fenwick  and  T.Bakek,  C  F.    Illustrated   .       .  */6t 

133.  METALLURGY  OF  COFFER:  An  Introduction  to  the 

Methods  of  Seeking.  Mining,  and  Assaying  Copper.    By  R.  H.  Lambork.  3/6t 

13s.  ELECTRO-METALLURGY,  Practically  Treated.  By  Alex. 

ANDER  Watt.     Ninth  Kliiti  n,  rTi!arL:f<I  and  revist-d.    With  Additional 
lUustratioos,  and  including  the  most  Recent  Processes  VJ**** publuiud,  3/6$ 

*'  Fiom  tbis  book  hodi  anatnir  and  aidian  nay  laara  avarytliiac  nccewary.''— /r^ 

Z7S.  MINING  TOOLS,  Manual  of.    By  William  Morgans, 

Lecturer  on  Practical  Mining  at  the  Bristol  SdlOOl  of  Mines  ....  1/6 

^y^,M^NING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the 

above,  containing  335  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to.      •  4/6 

*'Stiidcntt,  Overmen,  Captains,  Managers,  and  Viewers  inay  gain  practical  kaowledfe  and  useful 

llints  by  the  study  of  Mr.  Mor^.Tn^;'  NT nnual."— Ctf/AVry  Guardian . 

METALLURGY  OF  IRON.  Containing  History  of  Iron 
Manufacture,  Metfiods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
faetllteof  Iron  and  Steel,  &c.    By  H.  Bauerman.  F.G.S..  A.R«S.M.  With 

ntimerous  Illustrations.    Sixth  Edition,  revised  and  enlarged  ....  5/0^ 

•'Careful  y  \'.riitcn,  it  has  the  merit  of  brevity  ami  conciseness,  as  to  ics&  important  points}  while  ail 
material  matters  arc  very  fully  and  thoroughly  entered  into." — SUuulmrd. 

kSo.  COAL  AND  COAL  MINING,  A  Rudimentary  Treatise  on. 
By  the  late  Sir  Wakington  W.Smvth.  M.A.,  F.K.S.,  ftc.  Chief  Inspector 
of  the  Mlaes  of  the  Crown.  Seventh  Edition,  revised  and  enleigcd  •  3^1 

"  Every  p  irti  n  of  the  volume  appears  to  have  been  prepar<  i I  uitl,  ij  uch  arc,  and  as  an  outline  is 
(ivca  of  every  known  coal-field  in  this  and  other  countries,  as  wdi  as  of  the  two  principal  raetbods  of 
woflkinc  ibe  hook  will  douMa«  tnteraii  a  vny  Ibikc  number  ef  readaia."— iMSaliv  ySmma/. 

,95.  THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE GUIDE.  Comprising  a  Treatise  on  Improved  Mining  Stu^eying 
and  the  Valuation  of  Mining  Properties,  with  New  Traverse  Tables.  By  W. 
LiNTERN,  Mining  and  Civil  Engineer.  Third  Edition,  with  an  Appendi.x  oc 
Magnetic  and  Angular  Sarveving,  with  Records  of  the  Peculiahiies  of  Needle 
Disttflrfannees.   With  Pour  Plates  of  Diegiamt,  Phms.  ftc  3/^1 

**  Cent^in^  much  valuable  information,  and  is  thoroufhijr  tnistworthy  "—Iron  «V  Coal  Tmdet  Revitm* 

«4.  SLATE  AND  SLATE  QUARRYING,Sc\^n\\fiC,  Practif:al, 
and  Commercial.    By  D.  C.  Davies.  F.G.S.,  Mining  Engineer,  &c.  With 
numerous  Illustrations  and  Folding  Plates.  Third  Edition    ....  3/0^ 
"  Cm  of  the  best  and  best'balanocd  iraatiscs  on  a  fecial  tabiect  that  we  have  laet  witb.'*-^ 

^  A  FIRST  BOOK  OF  MINING  AND  QUARRYING,  with 

the  Sciences  connected  therewith,  for  Primary  Schools  and  Self  Instruction.  By 
1.  H.  Collins,  F.G.S.,  Lecturer  to  the  Miners'  Association  of  Cornwall  and 
Devon.    Second  Edition,  with  additions  ........  1/6 

**  For  those  co«aceni«d  in  schools  in  the  mining  districts,  this  work  is  the  very  thing  that  ^uld  be  in 
She  bauds  of  tbnr  scbeofaaastm.*  Wpm. 


ARCHITECTURE,  BUILDING,  etc. 
^6,  ARCHITECTURE— ORDERS— Tht  Orders   and  th«r 

.Esthetic  Principles.   By  W.  H.  Leeds.    Illustrated      ,      •      •      ,      •  x/S 
,7.  ARCHITECTURE— STYLES— History  and  Descrip- 
tion of  the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  tiie 
Present  Period.   By  T.  TALBOT  BURY,  P.R.I.BA.,  ftc.  lUusttated     .      .  a/o 
Orders  and  Styles  of  Architecture,  in  One  Vol.,  y.  6d. 
xt,  ARCHITECTURE— DESIGN— The  Principles  of  Design  in 

.Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  tb*? 
Greek  and  Gothic  Architects.  By  Edw.  Lacy  Gar bktt.  Architect.  lUastraled  a.6 
"  Wr:  .1  A  no  work  that  we  would  sooner  recommend  to  an  attentive  rct  icr  deMMUSlOObtaia  clear 
views  of  the  nature  of  axcbitcctufdl  art.   The  book  is  a  valuable  one.*' — ButUer. 

Tktikree  freaHitg  Works  in  Ottthandsomt  V«L,  half  toamd,  tmtUkd  "MODBRlf 

ARCHITECTVRtt,'*/wV<  6r.  

•V  TAr  X  iitdkaUs  thai  iJUte  iw/r.  maty  Ar  kad  Uwomgfy  iomnd  1 6d,  ucin* 
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Architecture,  Building,  etc.,  continued. 

92.  THE  ART  OF  BUILD  I XG,  Rudiments  of.    General  Prin- 
ciples of  Construction.  Strength  and  Use  of  XUierials*  Working  jUrawings, 
Specifications,  Ac.  BjEdwasd  Dob60N»  M.R.l.B.A.,ftc.  .      .  . 
"  A  good  book  Wt  pRMticftl  Iwowkdte.  Mtd  about  the  be>t  to  \m  obunnc(L"»il«rf'£^i'  AVtctf* 

2^  MASONRY  AND  STONECUTTING :  The  Principles  of 

Masonic  Projection  and  their  application  to  Construction.    By  E.  DoBSON, 
M.R.I.B.A  a/6X 

4,.  CO XI AGE  BUILDING.    By  C.  Bklce  Allen.  Eleventh 

Ed.,wiili  Chapter  on  Economic  Cottages  for  AUotmeatSi  by  E.  E.  Allbn.CE.  a/o 

4S.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MAS- 

TICS,  PLASTFKfXa,^i-.    By  G.  R.  BrRNKT  i  .  C.E.   Thirteenth  Edition  i/6 
57,  WARMING  AND  VENTILATION  of  Domestic  .iiui  Public 

Buildings.  Mines,  Lighthouses,  Ship?.  ^Vc.  Hy  < Jhaki  ks  Ti)Mi.in>on.  F.R.S. 

ixu  ARCHES,    PIERS,    BUTTRESSES,   cr-c:  Experimental 

Ess.iys  on  tlie  Principles  of  Construction  in.    By  WiLLTAM  Bl,AND        .       .  i,'6 

,16."  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or. 
The  Principles  of  the  Science  of  Sound  applieil  to  the  purposes  of  the  .\rchiteGC 
and  Bailder.    By  T.  Rot.rr  SMITH,  M.  k.LB.A.,  Architect.    Illustrated       .  i/6 

xaj,APCHITECTURAL  MODELLLING  IN  PAPER,  The  Art 

ol.    By  T.  A.  RiCiiARDSos.    With  Illustrations,  engraved  by  O.  J ewitt     .  i/6 
*' A  valiiable  aid  to  the  pfactice  of  aichitcctural  modeUioie.''— Wttktf  Reftrttr, 

laS.  VITRUVfUS^THE  ARCHITECTURE  OF  MARCUS 

VITRCVIUS  POIJ.O.    In  Ten  Books.    Translated  ffotll  tM  LatiO  by 
Joseph  GwiLT,  FU5.A.,  F.k.A.5.   With  33  Plates       ,      .      .      .  .5/0 
NJS.'-Thii  is  the  onfy  BdiHw  of  Vitbwivs  promrakU  «/  «  madtmU price. 

GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Prin- 

dptes  of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Piogrest  of  the 

Art  in  Greece.    By  the  Earl  of  ABERDEEN  l/O 

Tht  two  pecedtng  Works  tn  One  handsome  Vol.,  half  bound,  entitled  "ANCIENT 

ARCHITBCTURB,*>n'«r  6r, 

X38.  DWELLING-HOUSES,  The  Erection  of;  Illustrated  by  a 

Perspective  View,  Plans,  Elevctions,  and  Sections  of  a  Pnir  of  ViHi";.  wirh 

the  Specification,  Quantities,  and  Estimates.    Bv  S.  H.  Brooks.  .Architect  .  2/6J 

156.  QUANTITIES  AND  MEASUREMENTS,  iw  Bricklayers', 
Masons',  Plasterers',  Plumbers',  Painters',  PaperhanRcrs*,  Gilders',  Smiths', 

Carpenters'  and  Joiners'  Work.     By  .A.  C.  Beaton,  Surveyor  .      •  x/S 

*'  This  book  is  indispensable  to  builders  .in^!  ihcir  quantity  clerks." — Efigliih  Mf.'umL. 

,75.  x^OCKlVOOD'S  BUILDER'S  PR/CE  BOOK  I  OR  1S94, 
A  Comprehensive  Handbook  of  the  Latest  Priors  and  Data  for  Builders. 

Architocfs,  Enginepr^,  and  Contractors,     Re-con«rnicted,  Re-written,  and 
greatly  Enlarged.    By  Fkancis  T.  W.  Miller,  A.R.I. B.A.    700  pages.    .  3;6J 

182  CARPENTRY  AND  JOINERY— Th^  Elementary  Prin- 

CtPLBS  OP  Carpentry.  Chieflv  composed  from  the  Standard  Work  of 
Thomxs-  Tredgolt^,  C.E.  Wit!:  A  it  ions,  and  a  TREATISE  ON 
JOIM-KY  by  E.  W.  Tarn,  M.A.    ;  1      Edition,  Revised  and  Extended     .  3/6J 

iSji*.  CARPENTRY  AND  JOINT RY.    ATLAS  of  35  Plates  to 

accompany  and  illustrate  the  fon';;oini;  book.  With  Descriptive  Letterpress.  4to  6/0 
"These  tw  v.>:.inKs  form  .1  complete  (rra^ury  cf  Carpentry  and  joiacrf ,  and  dMMdd  be  ia  Che  haadi 

of  every  carjientcr  .ir.d  joiner  in  the  empire. '—//<»*«. 

,8s,  THE  COMPLETE  MEASURER;  settirn:  forth  the  Measure- 
ment of  Boards.  Glass,  Timber  and  Stone.    By  K.  Horton.   Fifth  Editioo  .  4/0 
*«*  The  above,  strongly  hntnd  in  leather,  price  sr. 

,87.  HINTS  TO  YOUNG  ARCHITECTS.    By  George  Wight- 
wick,  Architect,  Author  of  "The  Palace  of  Archife-turc.  "  &c.,  &c.  Fifth 
Edition,  revised  and  enlarged  by  G.  Huskisson  GriLLAUMr.  .ArchitecL  3/?^ 
*'A  copy  ouKht  to  be  considered  a*  necessary  a  f  archa&c  as  a  box  of  instrument*.'" — Ankitect, 


The  X  indicates  thai  thete  vols,  may  be  had  strongly  bommd  at  6d.  extra^ 
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c88  HOUSE  FAINTING,  GRAINING,  MARBLING,  AND 
SIGlf  WRtTINGi  With  a  Coarse  of  Elementary  Drawing.  andaCollvcifon 
,  of  UiefillReoeipt<;.  By  Ei.i.is  A.  Davidson.  Sixth  Edition.  Coloured  Plates  5/0 
The  above  in  cloth  boards,  strongly  bound,  6s, 
A  mtm  oftafematian  of  iim  to  ^  aauieur  and  of  vmliic  lo  the  practical  man.'*—  SmgUtk  MMk^m^* 

.89.  Tff£  RUDIMENTS  OF  PRACTICAL  BRICKLAYING. 

General  Prinrtples  of  Bricklnying ;  Arch  Driwing-.  Cutting,  and  Setting: 
Pointing;  Paving,  Tiling,  &c.    By  Auam  Hammond.    With  68  Woodcuts  ,  I,i6 
*'  The  young  bncklayer  will  find  it  infioilely  valuable  to  him.**WrAurjpm  Uermla. 

191.  PL  UMBTNG :  A  Text-Book  to  the  Practice  af  the  Art  or 

Croft  of  the  Plumber.  With  Chapters  upon  Hciise  Drainage  and  Ventilation. 
ByWM.  Paton  Buchan,  R  P., Sanitary  Engineer.  S.xth  Edition, revised  and 
enlarged,  with  380  Illustrations       ......        ...  3  6J 

"  A  text-book  which  may  be  safely  put  into  the  hand«  of  every  young  plumber,  and  which  will  also 
6a  feimd  nteful  by  archiiacta  aad  medieu  pnlbeuoii%^*—BmUdrr, 

,93.  THE  TIMBER  /MPORTFR\S,  TIMBER  MERCHANT*S^ 

J.VD  BU/LDER  S  STANDARD  GUIDE.    By  R.  E.  GrandY  .    -  .  a/o 
"  Even-thin;;  it  pretends  to  be:  Viiiltup  gradually^  it  lead<ione  from  a  forest  to  a  treenail,  and  throws 

en,  at  a  makcwds'^it.  a  host  of  material  concerning  bricks,  columnii,  ciMerns,  &c." — English  MtchaHte, 

ao6.  A  BOOK  ON  BUIIDING,  Civil  and  Ecclesiastical.  Bv  Sir 
EOMt.'ND  Bt.CKKTi.  Hart.,  LL.D..  Q.C,  F.R.A.S.,  Author  of  "Clocks  anti 
Watches  and  Bells."  &c.    Second  Edition,  enlarged  4/6) 

*•  A  book  which  is  always  amii'^inij  antl  nearly  always  in'.iructive." — Times, 

«a6.  THE  JOINTS  MADE  AND  USED  BY  BUILDERS. 

By  Wyvill  f .  Christy,  An;hitect.  With  160  Woodcuts  3,'oJ 

"The  work  is  dc*ervin?  of  hitch  commendation." — Bii-i'Jt-r. 

•a8.  THE  CONSTRUCTION  OF  ROOFS,  OF  WOOD  AND 
IRON :  Deduct**!  chiefly  from  the  Works  of  Kohison.  Tredgold,  and  Humber. 
Hy  E.  WvNDHAM  TARN,  M.A.,  Archuect.    Second  Edition,  revised  ,  i  '6 

"  Mr.  Tarn  is  to  thoroaehiy  maater  of  hit  tubject.  that  although  the  treatise  is  founded  on  the  works 
«f  OllMfi.  he  has  given  it  a  distinct  value  of  hit  own.  It  will  be  found  valuable  by  all  ttudcat*."— ^a/iAf^rr. 

.39.  ELEMENTARY  DECORATION:  As  applied  to  Dwelling 

Houses,  &c.    By  Jamt.s  W.  Kacf.y.    Itliistr.ifed  v 'o 

*' TTie  principles  which  otiyht  to  ^:iu(ie  the  decoration  of  il wtlli-ig-hon^fi  arc  clearly  set  forth,  a.ui 
^lucidate  i  by  ex.inij'lf  s  ;  while  tull  iir-tnu  tion«  arc  i;ivrn  lo  th<-  l'-,(rncr." — Sc0!ii>-Ti. 

,57.  PRACTICAL  HOUSE  DECORATION.  A  Guide  to  tbe 
Art  of  Ornamental  Painting,  the  Arrangement  of  Colours  in  A|iattmenis,  and 
the  Principles  of  Decorative  Design.    B>  James  W.  Facey  ,      .      .  .a/6 

%•  Nos.  229  and  257  in  One  f1.1r1.is.nr7e  f<>/.  h  nlf  b-yund^tntitUd  "  H0U6B  DeCOKA' 

TtON.    Kl.FMKNTAKV  AND   PHA(  I  I(  A  I.. ' ' />r/,Y  51 . 

«3o.  A    FRACTICAL    TREA  TISE    ON  IIANDRAILING ; 
Showing  New  and  Simpl**  Mttlmd.'^.    Bv  Gko.  roi.i.iM.s.    .St-cond  Edition. 
Revised,  including  a  TREATISE  ON  STAIRHUILDI.N'G.    With  Plates    .  fl(/6 
"Will  be  found  of  practical  utility  in  the  execulion  of  this  difbcutt  branch  of  joinery."— j^M/A&r. 

^47.  BUILDING  ESTATES:  A  Treatise  on  the  Development, 

Sale.  Pnrohise.  .^nd  Management  of  Building  Land.    By  F.  Maitlanu. 

Second  I'Muion,  revised  ♦•.»».  ••• 

"This  book  ^ho^^lli  iin'-ioi/itcitiy  be  added  to  the  tibcarr  «f  every  pffofettioaai  man  dcaliait  with 

building  land." — Land A^enl's  /\r\,'>,{. 

9^.  PORTLAND  CEMENT  FOR  USERS   By  Henry  Fai.ia, 

A.M.  Inst.  C.E.  Thifd  Edition.  Correctpd  s/0 

"Siqiplies  in  a  small  compass  all  that  is  necessary  to  he  known  by  user*  of  cement."— /jV^*  AVw<» 

458,  BRICK^VORK :  A  Practical  Treatise,  embodying  the  General 
and  I!i'.:her  Principles  of  Bricklaying,  Cutting  and  Setting;  wuh  the  Applic.i- 
t ion  of  Geometry  to  Roof  Tiling,  ftc.  By  F.  Walker  .1/6 

**  Contains  .^11  that  a  yotinK  tradesman  or  student  needs  to  le.irn  from  boiks." — Biiiidinc  .Vc-i  /. 

«S9.  GAS  FITTING:  A  Practical  Handbook.    By  John  Black, 

With  T9I  Illustrations  •/6t 

"Cont.^Ius  all  the  rcqui-»ite  information  for  the  successful  fitting  of  bouses       a  cas  servioCf  ftiC* 

It  is  writicii  lit  a  simple  practical  !>tylc,  and  we  heartily  recommend  it.  ' — Plumber  ami  Decorator. 

asj.  THE  TIMBER  MERCHANT'S,  SA  W  MILLER'S,  AND 
IMPORTER'S  FREIGHT  BOOK  AND  ASS/.s  /     \  r.    By  WILLIAM 
RlCHAKDSOV,  with  additions  by  M.  POWIS  BaI-K.  M.I..M.E.,  &o,    .       ,       ♦  310I 
"A  compendium  of  calculations  which  suppllesa  real  want  in  the  trade.'* — ffttf/i/inc  AVtM. 

tmr  Ttu  X  itnUcates  that  these  vols,  may  be  had  stronglf  bound  at  6d.  s  rtra. 
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{THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Com- 

SriMDg:  Brick  and  Iile  Making,  by  E.  Dobson.  A.I.C.E.;  Pracucai 
RICKLAYING,  by  A.  HAMMOND;  BkICKWOKK*  XHf  F.  WALKSK.    55O  pp. 

with  270  Illustrations,  strongly  half-bound       .      «  fi/o* 

258.    CIRCULAR  WORK  IN  CARPENTR  Y  AND  fOINER  Y, 
A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Cofvitiire.  Bjr 

George  Collings.    Second  Edilion  s/6 

**  Cheap  in  price,  clear  in  definition,  and  practical  in  the  cxamplet  telectrd." — Builder. 

961.  SHORING,  and  Its  Application :  A  Handbook  for  the  Use  of 

Students.    Ry  nroKGE  H.  Blagrove.    With  31  lUustrafioB*       .      ,       •  l/i^ 
"  We  reconxmend  ih*!  valuable  trisatice  to  alt  Mudeau,"— 5i«V«i'/Wjf  Nrtv%. 

a6s.  THE  ART  OF  PRACTICAL  BRICK  CUTTING  AND 

SETTING.    By  Adam  Hammond.    With  90  Kngravines  .... 
367.  THE  SCIENCE  OF  BUILDING :  An  Flementary  Trca- 

ti<;e  on  the  Principles  of  Construction.     By  E.  VVvnpham  Takn.  M.A. 

I  .<  ml     Third  Kdition,  revised  and  enlarged   .......  3/6^ 

,71.  VENTILATION :  A  Text  Book  to  the  Practice  of  the  Art  of 
Ventilating  BuUdiugs.  By  W.  P.  BUCHA>r,  R.  P.,  Author  of  "  Plumbing,  " 
*e.  With  170  niustrattoBS  {Jittt  fmhHslui.  3  '6t 

ayj.  ROOF  CARPENTRY;  Practical  Lessons  in  the  Framing  of 

Wood  Roofs.    For  the  Use  of  Working  Carpenters.   By  Geo.  Coi.t.TNr.s,  Author 
of  "  Handrailing  and  btairbuilding,   \juit  publisJud,  2/<. 

2,3.  THE  PRACTICAL  PLASTERER:  A  Compendium  of  Plain 

and  Onuaneotil  FlMtor  Work.  Bf  Wilpkbd  Kimf  iyust  ftMi$k§d.  9-' 

SHIPBUILDING,  NAVIGATION,  etc. 

5,.   NAVAL  ARCIirn-CTURE'.  An  Exposition  ofthcElemen- 

t.iry  Principles.    Hv  J  a  MES  Peake,  H.M.  Dockyard.  Portsmouth       .      .  S/S^ 

53%  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE.n^m^Jiiarf 

and  Practical  Principles  of  theConstntctton  of.  By  Hakon  A.  SoMMURPBUiT.  x/fr 
^•*.AN  ATLAS  OF  ENGRAVINGS  to  lUttStiatc  the  above. 

Twelve  large  folding  Plates.   Royal  4I0,  cloth  7/6 

54.  MASTING,    MASTMAKING,    AND    RIGGING  OF 

SHIPS.    Also  Tables  of  Spars,  Rigging,  Blocks  ;  Chain.  W  ire,  and  Hemp 
Ropes,  I've,  rel.itive  to  everv  cl.iss  of  vessels.     By  ROBERT  KiPPING,  N.A. 

^•.IRON  SHIP-BUILDING.     With  Practical  Examples  and 

Details.   By  John  Gkantham.    Fifth  Edition  4/0 

55.  THE  SAILOR'S  SEA  BOOK:  A  Rudimentary  Treatise  on 

Navigation.    By  James  Greenwood,  B.A.    W'ith  numerous  Woodcuts 
and  Coloured  Plates.  New  and  enlarged  Edition.  By  W.  H.  Rosssa       .  a/6X 
'*  I*  perhap*  the  best  and  rimplctt  epitome  «f  navigation  ever  compiled.— ^«r/A 

55    PRACTICAL  NA  VIGATIOlfi  Consisting  of  TrkSailor'S 

Tt  Sea-Book,  by  James  ("kkknwood  and  W.  H.  Rosser  ;  together  with 

004.         Mathematical  and  Nautic.il   1  ablet  for  the  Working  of  the  Problems,  by 

Hknkv  Law,  C.E., and  Prof.  J.  R.  Young.    Half-bound  in  leather  •  7 'o 

"  A  vANt  aniniitit  cif  in  form. it  ion  is  contained  in  this  volume,  .tiH  we  fanf-v  in  a  wry  short  time  that 
wttbes<^<^n  in  (he  lihr:ir\-    f  i !  nORt  every  ship  or  v.tcht  afloat.'  — .■  .'  ■.  >;/     )  i  httni;  M,ie;azint. 

80.  MARINE  ENGINES  AND  STEAM  VESSELS.  By 
R.  Murray.  C.E.  Eighth  Edition,  thoroughly  Revised.  Hitb  Additions  by 
the  Author  and  by  Georgb  CAirLrsLS.  C.E  

"An  indi';pcn=i3b!e  manual  for  the  student      marine  engineering  " — /.  iyerfi'^f  Mtmuy. 

^u.  THE  FORMS  OF  SHIPS  AND  BOATS,  By  W.  Bland. 

Seventh  Edition,  revised,  with  numerous  Illtistmtions  and  Modds .      .      .  t/6 
99.  NAVIGATION  AND   NAUTICAL  ASTRONOMY,  in 

Theory  and  Practice.    By  Prof.  J.  R.  YorxG.    New  Edition.    Illustrated  .  ^ 
"  A  very  complete,  thoroujth.  and  useful  ntanuai  for  the  young  navigator.*'— C?A*#»T'«/«"7. 

iq6.  SHIPS'  ANCHORS,  a  Treatise  on.  By  Georgb  Cotsell. 
,49.   SAILS  AND  SAIL-MAKING    With  Draughting,  and  the 

Centre  of  Effort  of  the  Sails.    Also.  Weights  and  Sires  of  Ropes  ;  Masting, 
Rigging,  and  Sails  of  Steam  Vessels.  &c.    By  Robert  Kipping,  SJi,       .  a/ij 

,55.    THE  ENGINEER'S  GUIDE  TO  THE  ROYAL  AND 

MERCANTILE  X A  VIES.    By  a  Practicat.  EsrTNF.KR.    Revised  by 
  D.  K.  M'Carthv.  lat**  of  the  Ordnance  Snr%'pv  Oflice.  Southampton       .  .  3/0 

Th*  ;  indicates  that  thtH  x>ols.  may  b€  had  stronjil^  iound  at  6d.  utra, 
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AGRICULTURE,  GARDENING,  etc. 

A  COMPLETE  READY  RECKONER  FOR  THE  AD- 
MBASURBHRNT  OF  LAND,  By  A.  Arman.    Third  £ditkNi. 

revised  and  extended  by  C.  NoRRis,  Surveyor.  Valuer,  &c     .      •      .      •  •/» 

*1  ^  ^^'y  oMful  book  to  all  who  have  laiid  to  neasorc."— >ifai^  Latu  Mjejnu, 
'*Sho«iid  be  ia  th«  buds  of  «U  pcnew  having  any  qwnictioB  with  bMidi'Wi^  Fmrm» 

,3,.  MILLER'S,  CORN  MERCHANT'S,  AND  FARMER'S 

/a/'.  inv  RECKONER     Second  Edition,  revited.  with  «  Price  Lfat  oT 

Xiodera  Flour  Mill  Machinery,  by  W.  S.  Hutton,  C.E  9/0 

"  Win  prow  an  indupeimbfe  wade  imtfum.  SfcuMitz  has  been  tpared  to  make  tha  book  compleia  aoA 
pCffectly  adapted  to  its  special  purfice.  '—MilUr. 

140.  SOILS,  MANURES,  AND  CROPS.  (Vol.  I.  OUTLINES  OF 

Modern  Farming.)   By  R.  Scott  Bukn.  Woodcuis  a/o 

X41.  FARMING  AND  FARMING  ECONOMY,  Historical  and 

Practical.  (Vol.  II.  Outlines  of  Modern  Farming.)   By  R.  Scott  Burn.  3/0 

"  Eminently  calculated  to  cnlijihtefi  tbc  agricultural  community  on  the  varied  ftthiactl of  a^lich  Ik 

treats «  hence  it  should  find  a  place  tn  every  f.irmcr*s  library."— CiV>'  Vrfsi. 

149.  STOCK ;  CATTLE.  SHEEP,  AND  HORSES.  (VoMII. 

OuTi-iNKs  OF  MoDEKN  FARMING.)   By  R.  ScoTT  BuRN.   Woodcuts.      .  a/6 

**The  author's  Kn-tsp  of  his  subject  is  thorough,  aadhkgreupiffCoffiMlseiiMtiva.  ...  WeoonK 

flWnd  thi»  excellent  UcMwc."  —  H'tekly  Dit/tUck. 

,45.  DAIRY,  PIGS,  AND  POULTRY.   (Vol.  IV.  Outlines  or 

Modern  Farming.)   By  R.  Scott  Burn.   Woodcuts      .      .      .  .a/o 


*'  We  can  testify  to  the  cleameet  and  iatdligbility  ofthe  nauer,  whidi  has  bees  coupited  fion  ih*- 

best  authorities. " — Lfmdon  Rnirtv. 

Z46.  UTILIZATION  OF  SEWAGE.  IRRIGATION,  AND 
HECLAMAT/ON  OF  WASTE  LAAV.  {Vol  V.  Outlines  of  Modern 
Farming.)    By  R.  ScOTT  BuRN,   Woodeutt      ......  a/6 

**  A  woilt  centnining  vahiable  tnfonBatioD,  whidi  will  reeoouaend  itself  to  all  intcicsted  in 
fanniag.'*-/'«r4/. 


140. 

14a. 

145 

146. 


OUTLINES  OF  MODERN  FARMING,   By  R.  Scott 

Burn,  Author  of  "Landed  Estates  Management."  "Farm  Man:igvti)ent.*' 
Mut  Editor  of  "The  Complete  Grazier."  Consisting  of  the  above  Five 
Volumef  in  One,  1,250  pp.,  profusely  Illustrated,  half-bound  .      .      .      .  tft/o 

"  The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  truMworthy,  and  l» 
this  aim  be  has  succeeded  to  a  degree  which  entitles  him  to  much  crt!iU»"'-M0rnim£ ■HdtftrttSier. 
"Should  find  a  place  in  every  f.inncr's  library."— Ci/y /^nWf. 
"No  farmer  should  be  without  it." — Bunl'Mry  Cuarth'an. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of. 
From  the  French  of  M.  Du  Breuil.  Fourth  Edition,  carefully  Reviled  by 
George  Glf.nny.  Wtb  187  Woodcuts  3l^X 

"  The  book  teaches  how  to  pnine  and  tr.iin  fruit  trees  to  prrfertion,"— /•  •>/</. 

198.  SHEEP:  The  History,  Structure,  Kconomy,  and  Diseases  of. 

i^y  VV.  C.  Spooner,  M.R.V.C..  &c.    Fifth  Edition,  with  fine  Eograviogs, 

including  Specimens  of  New  and  Improv<Kl  Breeds.   366  pp  

•*  The  book  is  decidedly  the  best  of  the  kind  in  our  language." — Scotiman. 

901.  KITCHEN  GARDENING  MADE  EASY.  Showing  the 
best  means  of  Cultivating  every  known  Vegetable  .ind  Herb.  &c.,  with  direc- 
tioasformaiuigeineiit  all  the  year  tmiad.  ByGEO.M.F.GLEi«NY.  Ittustntted  i/«t 

"Tbii  book  will  be  found  tnisiworthy  .ind  useful."— A>r-M  British  Acrintltttrist. 

aoy.  OUTLINES  OF  FARM  MANAGEMENT.  Treating  of 
the  General  Work  ot  the  Farm ;  Stock ;  Contract  Work  ;  Labour.  &c.  By 
R.  Scott  Boiin.  Author  of  *'  Outlines  of  Modeni  Favmtog."       .      .      .  s/6t 

"The  book  is  eminently  practical,  and  m  .v  1c  studied  with  advantage  by  beginnOB  ia  agricldliMi^ 

while  h  contains  hints  which  will  be  tiscfu!  to  old  and  successful  farmers." — Scotsmam. 

ao8.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT: 
Traatiiig  of  the  Varieties  of  Lands.  Methods  of  Fanning,  the  Setting  out  of 
Farms.  &c.  ;  Roads,  Fi-nces,  Gates,  Irrigation,  Drainage.  iSc.  By  R.  S.  BURN.  2/6t 
"A  complete  and  comprehensive  ouUine  of  the  duties  apperuiaing  to  the  management  of  landed 
esutes." — ttmwntU  Ftntivy, 

Nos.  207     20S  in  0»f  Vol,  handsomeh  half-hound,  entitled  "OUTLINES  or  LANDED 
Estates  and  Farm  Management.'"   By  Kobert  Scott  Burn.   Pnce  6i. 

Tkt  X  iitdktts  th»i  ikite  v«ls,  m»y  bt  had  stroHgtjr  iommd  at  6d.  gjitra. 
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M9.  THE  TREE  PLANTER  AND  PLANT  PROPAGATOR : 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Implemeau^ 
Houses,  Pits.  Ac.    By  S.  Wood,  Author  of  "Good  Gardening."*  Ac     .  . 

"  Soiiiul  in  its  teaching  and  very  comprehensive  in  its  aim.  Il  i*  a  good  book. " — Gardfturt' Mmgtmi^, 

Ihc  in>rni.  ci<Mi>  .irc  thoroughly  fir.iciical  and  rs^rrect  " — Xartk  fin'tish  Agri.  tiifsd'iit. 

aio.  JJJE  TREE  PRUNER ;  Being  a  Practical  Manual  on  the 
Pruning^  of  Fruit  Trees,  including  aKo  iheir  Training  and  Renovation,  alfo 

treatinir  of  the  Pruning  of  Shnib-;,  riimhfrs  and  Flowenni:  Pl.int*..  With 
oumerous  lUuilralions.  Uy  Samukl  Wihju,  Author  of    (jood  Gardtming,  6JC.  i;6 

•*A  useful  book,  written  by  one  who  has  h.v.i  cr-^at  experience."— 3f.tr^v  Lctnt  Bxfrett. 
"We  recommenii  this  treatise  very  highly.'"-  Xofth  Brttisii  .-^-ru  iiui.rt'$:. 

Xos.  209      ato /■«  One  I'ol.,  hanisomt'.y  half-hmud,  enlitled  "Thk  TREE 
;  LAXTF.K,  Propagator  and  Pmuner."'  By  Samuel  Wood.   PrUe  y.  6d. 

«a.  T//E  HAY  AND  STRAW  MEASURER;   New  Tables 
for  the  Use  ol  Anciioneers,  Valnets,  Farroeis,  Hay  und  Straw  Dealen,  Ac., 
forming aeomplete Calculator  and  Ready  Reckoner.  By  John  Steele      .  n'o 
"  A  mo>i  useful  handbook.  It  should  be  in  every  pn»(iessionaI  office  when  afnoiUur«l  viluaneassie 

conducted."  — /nwf/ Rtccrd. 

aaa.  SUBURBAN  FARMING :  A  Treatise  on  the  Laying-out  and 
Cultfvarionor  Patms.  adapfedto  the  Pradticeof  Milk.  Butter  and  Cheese.  Egigs, 

Poii!try.  and  Pigs.    By  tfie  laie  Prof.  Jons  Donai  iisox.  With  Additions, 
illustrating  Modem  Practice,  by  R.  Scorr  BUHN.  With  numerous  Illustrations  3/'6^ 
**  An  sdmiiaUe  tmtiM  on  ntt  nutters  connected  with  dairy  farais.**"-*Z.iW  SUck  y0uwwimt, 

aa,.  THE  ART  OF  GRAFTING  AND  BUDDING,  By 

Charles  Raltet.    With  Illustrations  a/ftj 

•*  The  one  standard  work  on  ifii>  vulucct  " — ^<■^^t!tm^m. 

83a.  COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vege- 

tables  for  Small  Gardeui.  1^  E.  Hobday  i/S 

"Definite  initruciions  at  to  the  cultivation  of  "imall  gardens." — Scotsman. 
"  Contaiiu  much  useful  information  at  a  unail  charge." — Glasgow  Herald, 

tt33.  GARDEN  RECEIPTS.    Edited  by  Charles  W.  QuiK.  xjtf 

"A  .singularly  oomp^ctc  cnllectinn  of  the  priiicipit  rc(:*>ipt^  necJod  Vy  Kartlcrjcrs," — Farmer. 
"A  useful  and  handy  book,  containing  a  good  deal  of  valuable  informaaon." — AtM*n<tum, 

«34.  MARKET  AND  KITCHEN  GARDENING,   By  C.  W. 

Shaw,  late  Editor  of  "Gardening  Illustrated"  3^$ 

**  The  most  valuable  conpendtum  of  kitchen  and  market'satden  work  published."— /VmKirr. 
A  moftt  conpieheesiwe  volume  en  market  and  kitchen-gaidening."— it/dnl  L»m  Bx^nu, 

«39.  DRAINING  AND  EMBANKING,   A  Practical  Treatise. 

By  John  SroTT.  Inte  Professor  of  .\j;ricti!tnn*  and  Rnrnl  Economy  at  the 
Royal  Agricuiiural  College.  Cirencester.   With  68  lUustraiiuns ....  1/6 

•*A  valuable  handbook  to  the  engineer,  as  well  as  to  the  surveyor.** — L<\nd. 
**  This  volume  should  be  perused  by  all  interested  in  this  imporunt  branch  of  csute  impcnvemcni.'* 
—Lrnmd  AitrnfM  Rtcord. 

^  IRRIGATION  AND  WATER  SUPPLY:  A  Practical  Trea- 

tise  on  W.if'T  ^Teadows.  Sewage  Itrit^ation,  W.irpinjf,  &c.  ;  on  the  Constmc- 
lion  ol  W  ells,  Ponds  and  Reservoirs,  <itc.   By  HroJ.  J.  S(  on.   With  34  lilusts.  1/6 

"  A  valuable  and  indispensable  book  for  the  estate  nuuteger  and  i>wncr," — Fortstty. 

"Well  worth  the  study  of  all  farmers  and  landed  proprietor^.*'  — .^*«iV</i»^  AWivr. 

«4,.  FARM  ROADS,  FENCES,  AND  GATES:    A  Practical 

Treatise  on  the  Ro.ads,  I  nimways,  and  Waterways  of  the  Farm  ;  the  Prin* 
cipl>>s  ot  Enclosures ;  and  the  different  kinds  of  Fenoes,  Gates,  and  Stiles. 

By  Professor  JOHN  ScoTT.   Witli  75  Illustrations  

"Mr.  Scott'^^  trr-iti-r  will  be  welcomed     a  ooncisely  compiled  handbook.** — BuildiHg  Xezt's. 
"A  useful  pr.icii'  il  work,  which  >houM  be  in  ihc  hands  of  every  fanncr.*''—/^^snMrrr. 

94a.  FARM  BUILDINGS.  A  Practical  Treatise  on  the  Buildings 
necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.  By  Prof.  John  Scott.  Witti  105  lUnstrarioaa  , 

No  riic  who  i>  c.illcil  upon  to  (icsien  f-irm  buiMiiiK'*  can  afford  to  he  without  this  \>  f>rk.**— ifniYdir 
"This  book  ought  to  be  in  the  hands  of  every  landowner  and  agent." — Ktlsff  Ckranuie, 

943.  BARN  IMPLEMENTS  AND  MACHINES,   Treating  of 

the  Application  of  Power  to  the  Optraii  .  of  Agriculture  ;  and  of  the 
various  Machines  u.«ed  in  the  Threshtog-barn.  in  the  Stock-yard,  Dairy,  &c 
By  Professor  foHN  Scott.   With  193  llhtstrations  

l>i**  The  *  tndicates  ikat  these  vols,  may  be  haa,  strongly  bound  at  6d.  extra. 
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Agriculture,  Gardening,  etc.,  coniinucd, 

244.  FIELD  IMPLEMENTS  AND  MACHINES:  With  Prin- 
ciples and  Details  of  Construction  and  Points  of  ExeeUcooe*  their  Manage- 

mfnt.  &c.  By  Frof.  John  Scott.    With  138  Illustrations      ....  a/© 

845.  AGRICULTURAL  SURVEYING:  A  Treatise  on  Land 
Surveying,  L<:veUtog,  and  Settiog-out ;  wUii  Directions  for  Valuing  and  Re- 
porting on  Fanns  and  Estates.       Pirof.  J.  ScoTT.  With  6a  lUustraitoDS  1/6 

a39.)  FARM  ENGINEERING:  By  Professor  John  Scoit.  Com- 

r    prising  the  above  Seven  Volumes  in  One,  i,  150  pages,  and  over  600  Illustrations. 

«4S-)     Half-bound  la/o 

"A  cop,  f  ihis  Mork  s^iou'J  be  treasured  Up  in  cvcqrUbTMy  where  the  owmribcfvofii  in  any  limy 
connected  with  laii<l."-/"ar»if  aud  lionte. 

asa  MEAT  PRODUCTION:  A  Manual  for  Producers,  Distribu- 
tors, and  Consumers  of  Butchers'  Meat.   By  John  Ewart.       .      .      .  a/6 

"  A  compact  un!  hands-  volume  on  the  mc.it  Question." — Meiit  auJ  Pr<n>isi0n  Trades*  Revirtv. 

866.  BOOK-KEEPING  FOR  FARMERS  AND  ESTATE 
OWNERS.  A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System 
adapted  for  U  classes  of  Farms.  BjJ.  M.  WooDMAK,  ChartereQ  Accountant. 

Third  Edition, revised   a/6 

TAe  aSfftfe  in  cloth  hoards,  strongly  bounds  3*. 
"  WiU  be  found  of  ^;reat  awistanc«  by  those  who  intend  c«  commence  a  tyiiem  of  book-keeping,  the 
nnthor**  eiamplci  being  l  lear  and  explicit,  and  hisexptanations  full  and  accurate."— Z.fV«  Stock  JtmmmL 

MATHEMATICS,  ARITHMETIC,  etc. 

38.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on  ;  Their 
Construction,  Adjustment,  Testing,  and  Use  concisely  ExpLiined.  ByJ,  F. 
Hbathek,  M.A.,  of  the  Royal  Militant  Acadet^y.  Woolwich.  Fourteenth 
Edition,  Revised,  with  Additions,  by  A.  T.  WALMisi.r.v.  M.I.C.E.,  Fellow  of 
the  Surveyors  institution.  Original  Edition,  in  i  vol.,  Illustrated  .  .  .  3/o| 
%•  im  gritting  fkt  above,  be  eare/kl  to  say  **  Original  Edition , "  or  give  tiki  mmmhr  im 
the  Series  (32).  to  di  yfha^iiish  it  from  the  F.nlir^cd  Edition  in  3  vols,  f  Nos.\6i-^r70j» 

76.  DESCRIP'J  IVE  GEOMETRY,  :xx\  Klementary  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  MoNGB.  To  which  is  added  a  Description  of  the  Principles  and  Practice 

of  Isomctrical  Projection.    ByJ.  F.  Hkathkk,  M.A.   With  14  PIntes         .  a/o 

78,  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simplest 
Modes  of  Constructing  Figures  contained  in  one  Plane  .ind  Geometrical  Con- 
struction of  the  Ground.  ByJ.  F.  Heather,  M. A.    With  215  Woodcuts    .  a/o 


"The  author  is  well-known  as  an  experienced  profticoor,  and  the  volume  contains  ai  complain  n 
collection  of  probtemt  as  i<  likely  to  be  reqoiiied  in  ordinary  pr.tcttoe."— ^»vAf Mr/. 

«3,  COMMERCIAL  BOOK 'KEEPING.     With  Commercial 

Phrases  and  Forms  in  Engli  h,  French,  Italian,  nnrl  Grrman.    By  JAMES 
Hadhov,  M..\.,  formerly  Matiicrii.itical  Master,  King  s  (-  ollt^JT**  School       .  x/S 

84.  ARITHMEIICy  a  Rudimentary  Treatise  on  :  wuii  lull  Expla- 

nations of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice, 

For  tlie  I'se  of  Schools  and  for  Self-lni^tniction.    By  J.  R.  YOUKG,  late 
Prufessor  of  M.ithematics  in  Belfast  ColU'ijc.    Eleventh  Edition  .       .  f/6 

84*.^  KEY  TO  THE  AIWl'E.    ByJ.  R.  VouxG        .      .     .  x/6 

85.  EQUATIONAL   ARITHME'lIC,  applied  to  Questions  of 

Interest,  Annuuits,  Life  Asstiranoe.  and  General  Commerce  ;  with  various 
T:ibl"s  by  whicli  .ill  Calculations  may  be  grer\th-  fncilit.itrd.    I5y  W.  HiPSLBY,  a/o 

86*  ALGEBRA,  the  Elements  of.  By  James  Haddon,  M.A., 
formerly  Mathematical  Master  of  King's  CoUfge  School.  With  Appendix, 
containing  Miscellaneous  Investigations,  and  a  collection  of  Problems    .  a/o 

W.^  KEY  AND  COMPANION  TO  THE  ABOVE,  An 

exteiuive  rep<»itoryof  Solved  Examples  and  Problems  in  Illustration  of  the 
various  Expedients  necessary  in  Algebraical  Operations.   By  J.  R.  Young. 

88.  EUCLID.,  The  Elements  op:  with  many  Additional  Proposi- 

tions  and  Explanatory  Notes :  to  which  is  piefixed  an  Introductoiy  &»ty  on 

89.  Logic.   By  Henby  Law,  C.E  2/6 

*  *  Sold  also  sep.irate'iy.  viz.  ' — 

88.  EuCLro, The  First  t  hree  Books.    By  Hknkv  La  a  ,  C  F.  tfS 

89.  EiJCUD.  Books  4»  5»  6,  n.  la.   By  Henky  Law.  C.E  i/g 

7kt  X  imdittUts  that  ikat  voh.'wwy  b*  had  jtrmigfy  bgmmdat  6d.  astra. 
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6o  CROSBY  LOCK  WOOD  ^  SON'S  CATALOGUE, 


Mathematics,  Arithmetic,  etc.,  anttmud. 

90.  ANALYTICAL    GEOMETRY   AND    CONIC  SEC^ 

T/OXS,  a  RudimenUry  Treatise  on.    RvTamf.s  HaNN*   A  New  EdiliOB, 

re-wruten  and  enlarged  by  Profossor  J.  K.  Young  .      .....  a/oj 

*'  Tlie  author '•  style  n  exceedingly  clear  and  ftimple,  and  the  book  U  well  adapted  for  the  hrs""**' 
and  tlwiB  who  m»,f  b«  obliged  to  Imve  rMoune  to  Mlf>tiiitioB.*'— £«VMMr. 

91.  PLANE  TRIGONOMETRY,  the  Elements  of.    By  James 

H  ANN,  formerly  Mathematical  Master  of  King  s  CoUege.  London  .  l/^ 

9^  SPHERICAL  TRIGONOMETRY,  the  Elements  of.  By 

James  Haw.    Revised  by  Chart  rs  H.  Dowling,  C.E  S/ft 

Or  wiih  "  The  Flfmrnts  of  PLme  Tri/^onometry,"  in  One  I'u'lume,  2S.  6d. 

93,  MENSURATloy  AND  MEASURING,  for  Students  and 
Practical  L'se.  With  the  Mensuration  and  Lexelling  of  Land  for  the  purposes 
of  Modem  Encineering.  By  T.  Bakbk,  C.E.  New  Ed.  by  £.  Nugent,  CJL  tfS 

tM,  DIFFERENTIAL  CALCULUS,mmtXi\%i^i!tit,  ByW.&B. 

W00LHOU6B,  F.R.A.$.,  Ac  

xoe.  INTEGRAL  CALCULUS*  By  Homersham  Cox,  B.A.      .  i/b 

X36.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

tnstructioo.  By  Jambs  Haoook.  M.A.  Revised  by  Absaham  Abmak     •  s/ft 

,37.  A  KEY  TO  THE  ABOVE.    By  A.  Arman     .     .     .     .  r/6 

,68.  DRA  IVJNG  AND.  MEASURING  INSTRUMENTS.  In- 
duding— I.  Instruments  employed  in  Geometrical  end  Medtanieal  Drawing, 
and  in  thr^  < 'onstruction.  Copying,  and  NTeasurement  of  Maps  and  Plans, 
n.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  ConpaUlions.  ^  J.  F.  Hbathbr,  M.A  i/tt 

"  Valuable  .ind  instr'.icti ve  to  all  wliMe  occ«p«lioBs  require  cxceptioaal  acouacy  ta  flwamaMls.* 

—yrtveller  and  Atcial  li  'ot  l  fr, 

169.  OPTICAL  INSTRUMENTS.  Including  (more  especially) 
Telescopes,  Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and 
Plans  by  Photography.    ByJ.  F.  Heathek,  M.A.   lUmlnted    .      .  . 

*'  An  eatccllent  treatise."— i5r»V/M  "yf^urnal  ft  Pkctoftuphy. 

^  SURVEYING  <S^'  ASTRONOMICAL  INSTRUMENTS. 

Including  — I.  Instruments  used  for  Determining  the  Geometrical  Features  oi 
a  portion  of  (iround.  II.  Instmmenta  employed  in  Astronomical  Observft- 

tions.    Ry  J.  I- .  Hkather,  M.A.   Illustrated  l/ft 

<     "A  good,  scnftible,  useful  book." — ScJiufoI  Board  ChrenicU. 

%•  Tkt  aimit  three  volumes  form  an  enlargement  of  the  Author's  origtnal  warh^ 
**  Maikiwtatical  imstrmmtttts  "  :  pri€€  as.  (Su  No.  38  im  tki  Stnts. ) 

\  MATHEMATICAL  INSTRUMENTS:  Their Constroction, 

x68.      .Adjustment,  Testing  and  Use.    Comprising  Drawing.  Measuring,  Optical, 

169.  ■    Surveying,  and  Astronomical  Instruments.     By  J.  F.  HSATUEit,  M.A. 

170.  EnUuged  Edition,  for  the  most  part  entirely  re.written.    The  Three  PSiti 

a5?  above,  in  One  thick  Volume       .       .       .       .       .       .       .       .       .  4'6* 

**  An  exhaustive  treatise,  belonging  to  the  well-known  Weale's  Series.  Mr.  Heather's  ezperieacc 
v«n  qualifies  him  ferthe  task  ho  ha*  so  ably  hmitA.**—Ei^imtnitigMul  BtUUiiig  Timu. 

,58,  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT.  Con. 

taining  full,  easy,  and  simple  Instructions  to  p<>rform  all  Business  Okkulations 
with  unexampled  rapidity  and  accura^.  By  CharL£S  HoaBS,  CE.  With 
a  Slide  Rule,  in  tudc  of  cover.   Fifth  Edition  ^ 

,96.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUh 

TIES  ;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  dec.  in  all  their  Applications  and  Uses  for  Mer- 
cantile and  State  Purposes.    By  FSDOR  ThOMAN,  of  the  SociM  CrMit 
Mobilier,  Paris.    Fourth  Editiont  carefully  revised  Sod  corrected      .      .  4,«o 

"A  v« 
A*.de 


A  very  powerful  work,  and  the  aothor  has  a  very  renarkable  conoiand  of  bi«  wlyec>.**^Profanw 
MonoAN.     **  We  feoonmcad  it  to  the  notice  of  actuaries  and  accountaots.'*— ittfMMJW. 


The  I  indicates  that  thug  vols,  may  te  had  strength  bound  at  6d.  extra. 
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WEALE'S  RUDIMENTARY  SERIES.  ^ 


iffatliematics.  Arithmetic,  etc.,  cmHfmed, 

199.  THE  COMPENDIOUS  CALCULATOR  (Iniuitive  Calcu- 

latioHs);  or.  Easy  and  Concise  Methods  of  Performing  the  various  Aritb- 
metical  Operations  required  in  Commercial  and  Business  Transactions  ; 
tOfethcr  with  Useful  Tables.  &c.  By  Daniel  O'GOUCAN.  Twenty•^8eveIlth 
Entiod,  carefully  revised  by  C.  NoRKis  

The  ,7;*: :  [•  rfreff:jh'  half-bound,  frier  y.  6<f. 
*' It  would  be  difiiciiit  to  exaggerate  ihc  uwiiulness  of  this  booK  10  everyone  engaged  in  COQUQMCS 
or  manufacturing  industry.    It  is  crammed  full  with  rule*  an:!   form  il  L  l  ir  shortening  and  •mpk^fiBf 
<:&lcuIaiioQs  iq  mooey,  weights  and  measures,  \"c.  of  rv^rv  sort  .lud  description."— A'tt  'tcVi/^^". 

ao4.  MATHEMATICAL  TABLED,  for  Trigonometrical,  Abiro- 
noraical,  and  Xautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  P>  H.  Law.  C.E,  To^'t'ther  with  a  Series  of  Tables  for  Nnvi- 
gation  and  Nautical  Astronomy.    By  Profes&or  j.  R.  Young.    New  iiditioa  4/0 

LOGARITHMS,  With  Mathematical  Tables  for  Trigonome- 

tncal.  Astronomical,  and  Nautical  Calculations.  By  Henst  LaW,  C.E. 
Revised  Edition.   (Forming  part  of  the  above  work.)    .      .      .      •      •  3/0 

If.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  AIL 
NA  TIONS,  and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahonietan 
Calendars.   Bjr  W.  S.  B.  Woolmousb.  F.R.A.S.t  P.S.$.  Seventh  Edition,  s/dt 

•*  A  work  necessary  for  every  mercantile  otdct  "—Buildtni  T radtt  Jtmrmtt. 

A  TREATISE  O.V  ^^1  T//EAfA  TICS,  as  applied  to  the 

Constructive  Arts.    By  Fkancis  Campin,  C.E.,  &c.    Second  Edition   .      .  3/0! 
"  Should  to  Id  tha  bands  nf  •vctyoM  coiiB«et«d  witii  bttOdiag  cowiiiMliaB."— J?ar/tf«*'«  H^mkfy 

PHYSICAL   SCIENCE,    NATURAL  PHILOSOPHY,  etc, 

J.  CHEMISTRY^iox  the  Use  of  Beginners.  By  Prof.C.Eo.  Fownes, 

F.  H.S.    With  an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,  i/o 

a.  NATURAL  PHILOSOPHY,  for  the  Use  of  Beginners. 

By  Chaeles  Tomlinsom,  F.R.&  i/6 

MECHANICS :  Being  a  concise  Exposition  of  the  General 

Principles  of  Mechanical  Science,  and  their  Applications.    By  Charles 
TOMLINSON,  F.R.S  x/6 

7.  ELECTRICITY;  showing  the  General  Principles  of  Electri- 

cal Science,  and  the  Purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S. .  &c.  With  consid»Tab!f>  Additions  by  R.Sabine,  C.E.,  F.S.A.  1/6 

7»   GALVANISM.    By  Sir  W.  Snow  Harris.   New  Edition, 

levijed,  with  considerable  Additions,  by  ROBKBT  Sabimb,  CE.    .      .  .1/6 

8.  MAGNETISM.  By  Sir  W.  Snov  Harris.   New  Edition, 

revised  and  «nln]|{ed  by  H.  M.  NoAD,  PI1.D.    With  165  Woodcuts  .  3/6! 

**Tk«  toit  popular  capoutioa  of  Baipeiiiai,  its  ialikaio  colattooi aad  complicatinK  offacti,  wiA 
wUeh  va  arc  aoqttaiat«d.''-^MM/  Avn^  CAmnrilr. 

„.  THE  ELECTRIC  TELEGRAPH:  its  History  and  Progress ; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabinb.  C.£.,  F.S.A.,ftc,  3/b 

"  Essentially  a  practical  and  inMructive  work  '' — Patty  TeUgra^k. 

la.  PNEUMAJ ICS,  including  Acoustics  and  the  Phenomena  of 
Wind  Currents,  for  the  Use  of  Beginners.  By  Chablbs TOMUNSOK,  F.R.S. 
Fourth  Edition,  enlarged.    Illustrated  z/6 

ja.  MANUAL  OF  THE  MOLLUSCA:  A  Treatise  on  Recent 
and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S.  Wuh  .Appendix  by 
Ralph  Tate,  A.L.S.,  F.G.S.  Will  niiDerons  Plates  and  300  Woodcuts, 
cloth  boards,  gilt  7/6 

"  A  ftlorehouM:  of  conchotogical  and  geological  inforraatioo." — Hardwukt'i  Scitnft  Cotsi^. 

**  An  important  work,  widi  luch  additiana  a>  ooMpklo  it  10  tto  prasaat  iiam,**'-LMuiM^ Wmttr, 

96.'  ASTRONOMY.  By  the  late  Rev.  Robert  Main,  M.  A.,  F.R.S., 

formerly  Radcliffe  Observer  at  Oxford.   Third  Edition,  revised  and  corrected 
to  the  Present  Time,  by  William  Thynne  Lynn,  B.A.,  F.R.A.S.      .      .  a/o 
"Aieood  and  simple  treatise,  very  carefully  edited. and  a  capital  book  for  (beginners."— A'wtno^i^pf, 

^.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

etnbracing  also  a  clear  development  of  Hydrostatics,  Hydrodyoaroics,  and 
 Central  Forces.   By  T.  Baker,  C.E.   Fomtb  Edition  tl6 

Tk€  \  ntdi€ai4i  that  t/use  wis.  m^ty  bi  had  strvngly  bauad  at  6d.  txtra. 
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6»  CROSBY  LOCK  WOOD       SON'S  CATALOGUE. 


Physical  Science,  Natural  Philosophy,  etc.,  coniiniud. 

x^z,  TELEGRAPH,  HANDBOOK  OF  THE:  A  Guide  to 
Candidates  for  EmployaMnt  in  tbe  Tdq^ph  Service.  By  R.  Bohd.  Founh 
Edition  3/9| 

,73.  PHYSICAL  6^i^(9Zr>CF,  partly  based  on  Major-General  PoRT- 

LOCic  s  '•  Rudinu-nts  of  Cicoloyy."    By  Ram'II  TAxn,  A.L.S.,  &c.  Woodcuts.  2/© 

174.  HISTORICAL  GEOLOGY,  partly  based  on  Major-General 

Pomtlock's  "  Rndiments."  By  Ralph  Tate.  A.  L.  S. ,  &c-   Woodcuts .      .  a;6 

173.  GEOLOGY,    Physical   and    Historical.     Consisting  of 

A           Physical  Geolocy."  which  sets  forth  the  Leading  Principles  of  the  Science: 
X74»      and  "HtoUlrical Geology,"  which  treats  of  the  Mineral  and  Oreanic  Conditions 
of  the  Earth  at  each  successive  epoch.  By  Ralph  Taik,  F.G>  ,  \c.,  ^c. 
With  250  Illustrations  ^/6* 

"Hm  fulncsi  of  the  oia'ner  Km  elevated  tbe  book  into  a  nanukl.  \%s  infomaiioa  it  eshavsiivc  aad 
vdl  anragad,  ^  that  anjr  lubjact  nay  b«  opened  upon  at  wxa^^Sthtot  BvMrd  Ckrpmkk. 

,83.  ANIMAL  PHYSICS,  Handbook  of.    By  Dionysius  Lard- 

S84.       MBB,  D.C.L.   With  520  Illustrations.  In  One Vot.  (73a  pages), cloth  boaids.  7/$ 

Sold  also  itt  Two  Parts,  as  follcavs : — 
183.      Animal  Physics.  By  Dr.  Lardner.   Part  I.,  Chapters  I.-VI I.       ,  ,4/0 
i84>      Animal  Physics.  Bjr  Dr.  Lardnbs.  Part  II.,  Chapters  VCII.-XVIII.    .  j/'b 

"Thii  book  contains  a  great  deal  more  than  an  introduction  to  human  .in;*!^^^  In  it  u HI  l-t  fojnd 
the  elements  of  comparative  anatomy,  a  complete  treatise  on  the  funciiua&  of  the  bwUy.  aod  a  dc»cnpuoo 
of  the  phenomena  of  buth,  growth,  and  decay. ' — EdttcathMtdTumtf. 

269.  LIGHT:  An  Introduction  to  the  Science  of  Optics.  Designed 
.         for  the  Use  of  Students  of  Architecture,  Engineering,  and  other  Applied 
Sciences.    By  £.  WVNDHAM  Tarn,  M.A..  Author  of  **The  Sdenc*  of  ' 
Building,"  4EC.  1/6 

FfNE  ARTS,  etc. 

ao.  PERSPECTIVE  FOR  BEGINNERS,    Adapted  to  Young 

Students  and  Aniateucs  in  Aicfaitectuie^  Painting.  6c.  B7  Grorgb  Pvkb.  ^ 

40.  GLASS  STAINING,  AND  THE  ART  OF  PAINTING 

ON  GLASS.    From  tlie  Gi-rman  of  Dr.  Gessekt  and  EmanvBL  OTTO 
Fromberg.    With  an  Appendix  on  The  Akt  OF  E.namelling.       .      .  ay* 

6^  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 

numerous  Examples.   By  Chakles  Child  Sflsclk  a/6 

"  Mr.  Spencer  has  marshalled  his  informaiion  with  much  skill,  and  yet  with  a  simplici^  tfiat  moft 

recommend  bis  works  to  all  who  wish  to  thoroughly  undcriMand  mxisic." — Weekly  Ti>»us. 

jt,  PIANOFORTE,  The  Art  of  Playing  the.     With  numerous 

Exercises  and  Lessons.   By  Charles  Chtld  Spbmcbr     ....  1/6 

*•  a  <;oiind  and  excellent  work,  written  with  spirit.  Ar\<\  c.-ilrulatcd  tO  io^iie  iht  pOfil  vilh  adovelO 
aim  at  high  accoroplishtnctu  in  ihc  .in." — Sfkoi^I  Beard  Chrkmiclf. 

69,71.  MUSIC,  AND  THE  PIANOFORTE.  One  Vol  Half-bound,  s  'o 
i8x.  PAINTING  POPULARLY  EXPLAINED.    By  Thoma.^ 

iOHN  GuLLicK,  Painter,  and  Jtmx  Timbs.  F.S.A.    Including  Fresco,  Oil. 
losaic,  Water  Colour.  Waler-Glass,  Tempera,  Encaustic,  Miniature,  Painting 
on  Ivory,  Vellum,  Pofteiy,  Enamel.  Glass.  &c.     Fifth  Edition     •       •      .  S/oJ 

Adopted  as  a  Prize  />oi>k  at  Svuih  A\'nsiHgi<m, 
*'  Much  may  be  learned,  even  hy  those  who  fancy  they  do  not  require  10  be  taugbt,  froai  tbe  caie.'al 
perusal  of  this  unpretending  but  comprehensive  treatise." — Art  JoMnial. 

,86.  A  GRAMMAR  OF  COLOURING.  .Aj^plied  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  Now  Ediuon,  revised  and 
enlarged  by  Ellls     Davidson.   With  Coloured  Piatcs      .      ,      ,  .3/0^ 

' '  The  book  b  a  iMtt  iiaefiil  rttnmi  of  ibe  properties  of  |ngnMnta."-'i>MMrr. 
"One  of  the  moit  weAil  of  ctudeaii^  boeha.'*— ^fvA^/«r«. 


a-fi.  A  DICTIONAR  Y  OF  PAINTERS,  AND  HANDBOOK 

FOR  PICTVKF.  AMA  TEURS ;  1  .  i  ;-  a  Guid-     r  Vi  ii- rs  to  Public  .md 
Private  Picture  Galleries,  and  for  Art-Students,  including  Ulossarv  of  Terms, 
Sketch  of  Principal  Schools  oi  Pisintfatg,  Ac  By  PuiLtrvB  Daryl,  B^.    .  a»t 
**  GonatderiBg  its  small  compass,  really  adnurafale.  We  cordially  reconuMnd  the  book.** — Bmukr* 
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WEALE'S  RUDIMENTARY  SERIES. 


INDUSTRIAL  AND  USEFUL  ARTS. 

aj.  BRICKS    AND    TILES,    Rudimentary   Treatise   on  the 
Manufacture  of :  containing  an  Outline  of  the  Principles  of  Brickmaking. 

By       DoB'^ov,  M.R.I. B.A.    Additions  by  C.  ToMl.lNsov.  F.R.S.    lUust.  3/ot 
"The  best  handbook  uq  the  subject.    We  can  safely  recommend  it  as  a  good  invesluient." — Bmider. 

67,  CLOCKS  AND  WATCHES,  AND  BELLS,  a  Rudimentary 

Treatise  on.   By  Sir  Edmund  Beckett,  Bart.  Q.C.  Seveotta  Edidoo.  .4/6 

Tht  above  handsomely  bound,  cloth  boards,  51.  6</. 
**The  best  work  on  the  tiibjcct  profaabljr  extaot.  The  treadM  oa  belU  is  undoubtedly  the  best  m 
the  Iaqguace."<->JEjvAMimSv,     "  The  onlr  aaodeni  tnatite  on  ctockioakiiif ."•^//^rv/iyiVii/  Jwupnmi,, 

83»».  CONSTRUCTION  OF  DOOR  LOCKS,   Fiom  the  Papers 

of  A.  C.  HoBBs.   Edit«Hl  by  Charles  Tomlinson,  F.R.S.  With  a  Note 
upon  Iron  Safes  by  konEKT  Mallet.    Illustrated  a/6 

tte.  THE  BRASS  FOUNDER'S  MANUAL:  Fnstructions  for 

Modelling,  I'attcrn  MaJving,  Moulding,  Turning.  &c.    By  W.  Graham.       .  a/oj 

205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY, 

By  James  Greic  BadbmoCH.  With  la  full-page  Engravings  of  Examples   .  x/6 
".Any  intelligent  lad  who  fails  to  tun  otu  dwont  wotk  after  studyiof  this  system,  has  saistaken  hi* 

axs  THE  GOLDSMITIPS  HANDBOOK,  containing  full  Tn- 

structions  in  the  Art  of  Alloying,  Melting,  Reducing,  Colouring,  Collecting  and 
Refining.  The  processes  of  Manipulation,  Recovery  of  Waste,  Chemical  and 
Physical  Properties  of  Gold  ;  Skdders,  Bnamds  aitfl  other  iimAiI  Rtilfis  and 
Recipes.  &c.   By  George  £.  Cv.k.   Third  Edition,  consideiably  enlaiged    .  5/ot 

"A  good,  sound,  technical  tiMC»xvt"—Hproh£uaiJoumaL 

*fA  stMdaid  hook,  wUcb  few  wiU  caie  to  be  wuhouL*'— ^^awV^r  Hfgtmiwtritr, 

a»s>  THE  SILVERSMITIPS  HANDBOOK,  on  the  same  plan 

as  the  above.    By  Geokck  E.  CJek.    Second  Edition,  Revised       .      .      .  3/0^ 
** A  valuable  sequel  to  the  author's  '  Practical  Goldworker.'"— 5i/im#»»i7A'x  Trade  JourmiL 
**  A«  a  guide  to  workmen  it  will  prove  a  K'  od  technical  educator." — Glnsg^^w 

*•*  Th«  two  frtcodimg  Works,  in  Oik  handsome  VoL^  half-bound,  entitled  "  Tus 
GOLDSUtTU'8  AND  SlLVKRSNlTH'S  COHPLBTB  HANDBOOK,"  JS. 

249.  THE  HALL-MARKING  OF  JEWELLERY,  Compris- 

ing  an  account  of  all  the  different  Assay  Towns  of  the  United  Kingdom  ;  with 
the  Slamns  at  pieseiU  employed  ;  also  the  Laws  lelatiog  to  the  Staodatdsand 
Hall-Marlts  at  the  varions  Assay  Offices.  By  Gborgb  £.  Gbb  .      .  3/0^ 

"Deals  thoroughly  with  its  lubjea  from  a  manufacturer'sand dtskr'spouitof  iriew***— 'T^fMribr. 

"  A  valuable  and  trustworthy  guide." — Engliih  Mtc/.tiutc. 

824.  COACH-BUILDING :  A  Practical  Treatise,  Historical  and 

Descriptive.   By  James  W.  BuRGBSS,  With  57  Ittustiations       .  •  a/^t 

"This  handbook  will  supply  a  loog^ett  want;,  not  only  to  nanuracturert  themselves*  but  awce 
paiticuhuly  apprendocs  and  Oiners  whose  occupatMns  may  be  in  any  way  connected  with  ne  tiade  of 

conch-building." — Eurvptan  Mail. 

ajS.  PRACTICAL  ORGAN  BUILDING    By  W.  E.  Dickson, 

M.A.,  Precentor  of  Ely  Cathedral.   Second  Edition,  Revised,  with  Additions.  a/6J 
"The  .-im.itciir  builder  will  find  in  this  book  all  that  IS  Bceesssiyto  eaabto  him  personally  10  csar 
struct  aperfect  organ  with  his  own  \i»Sk'^"—Aeadnny. 

**Tnc  best  work  on  the  subjeel  that  has  yet  appeared  in  ho6k  %ana.**—EHj[iiik  Mtchanic. 

ato.  THE  ART  OF  BOOT  AND  SHOEMAKING,  including 
Measurement,  Last-fitting,  Cutting-out,  Closing  and  Making ;  with  a  Descrip- 
tion of  the  most  Approved  Machinery  employ^.  By  JoiiN  BEDFORD  Leno. 
late  Editor  of"  St.  c  rispiu  "  and ''TlieBootfliiidSboaBnlwr.''  Withaomaoiis 

Illustrations.   Third  Edition  a/ot 

**This  excellent  tieatise  is  by  far  the  best  work  ever  written  on  the  subject.  The  chapter  on  clicking, 
whk^  shows  how  waiteauqr  ho  pnvantedtWiU  save  fifty  tioMs  the  ptke  of  the  \iisitik.^—Settti*hL^^m» 

.63.  MECHANICAL  DENTISTR  Y:  A  Ftactiaa  Treatise  on  the 

COlUtniction  of  the  \'.iriou3  Kin  '.s  of  Artificial  Dentures,  comprising  also 
Usefol  FomulaB,  Tables  and  Receipts  tor  Gold  Plate,  Clasps,  Solders,  &c. 
By  Ckasles  Hunter.  Third  Edition,  revised,  with  addiSont    .      .      .  3/ot 
**  We  caa  iiRNii^y  ncemmeod  Mr.  Hunter's  treatise  to  aU  students  pvcyarav  lor  the  peofeision  off 
dentistry,  as  wdt  as  »  c«enr  niechanicat  dcMiBt."~i>iiME«  yonmeil  ^  MnHt^  Seuneo, 

vjo.  WOOD  ENGRAVING:  A  Practical  and  Easy  Introductiott 

to  the  Stody  of  the  Art.  By  W.  N.  Brown  16 

•ar  Tkt  X  Mif^  t**f       ^ii'       ^  hadilrtm^  imimdaiM,  «rJ9r»* 
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€4  IVE ALE'S  RUDIMENTARY  SERIES. 


MISCELLANEOUS  VOLUMES. 

SS,  A  DTCTIONARY  OF  tERMS  used  in  ARCHITECTURE^ 

liUII.mSG,  RSGINEERING,  MINING,  MF.TAIJ.URGY,  ARCHy€' 
OLOGV,  the  FJNE  AhtTS,  b'c.     By  John  Weale.     Sixth  Edilioo.  , 
Edited  by  Robt.  Hunt,  F.R.S..  Keeper  of  Mining  Reeords,  Editor  of 
•*  Ure's  Dictionary."   Numerous  Illustrations  ...       .      •      •      •  S/l^ 

Tk*  abavCt  strongly  bound  tn  clatk  boards,  prut  6j. 
Tiw  best  mall  tcelnokvicid  dietiomry  in  the  languafe."— >f  rriZ/Mr/. 

"The  nlisolute  accuracy  of  a  work  of  this  character  cnii  onlybe  jutlged  of  after  extensive  i 
•nd  from  our  exaoiinaiion  it  appears  very  correct  and  very  complete." — Mining  Journal. 

"  There  is  iio  need  now  to  apeak  of  the  excellence  of  this  work  :  it  received  the  approval  of  lb«  < 
cnunity  long  ago.  Edited  now  by  Mr.  Robert  Huat,  and  pubUahed  in  n  cbeap.  handy  fonn,  it  vitl  be  of 
the  ttioioa  Mtrio*  at  •  book  oTttfinreaee  «aneslr  to  be  cameded  in  vala«.*'-nS;MfMM«. 

^THB  LAW  OF  CONTRACTS  FOR  WORKS  AND 

SERVICES.   By  David  Gibbons.     Fourth  Editioa,  with  Appendix  of 
Statutes  by  T.  F.  Uttlby,  Solicitor.   Cloth  boards  j,< 

**A  very  compcndioiM,  fnll  and  intelligible  dige«t  of  the  working  and  results  of  the  law,  in  rctr»rd  to 
■ttldnds  of  contracts  between  parties  stunJing  in  the  relation  of  employer  and  employed.'" — HuiLicr. 

**This  exhaustive  manual  is  written  in  a  clear,  terse*  and  pleasant  style,  and  is  just  the  work  foe 
OMatcffs  and  aenranis  alike  to  depend  upon  lor  oooaiant  telbKnoe.**«-'Jf#ln;^Mifiita». 

MANUAL  OF  DOMESTIC  MEDICINE,  By  R.  GoODttrc, 

B.A.,  M.D.    Intended  as  a  Family  Guide  in  all  cases  of  Accident  and  Etner- 
liency.   Third  Edition,  carefully  reviscJ  2/0 

"  The  author  baa,  wo  think,  perlocmed  a  uaelul  service  by  placing  at  the  disposal  of  those  situated* 
by  unavoidable  circumstances,  at  a  distance  fiwn  medical  aid,  a  celiMte  and  aenaiblc  work  in  wbi^  pro- 
fessional knowledge  and  accuracy  have  be«o  well  aeeottded  by  the  abifitf  to  expreat  himaalf  ta  ofdiaaiT 

nntechnical  language."— Z'^.'  /A  Health. 

MAXAGEMEiYT  OP  HEALTH.    A  Manual  of  Home 

and  I'crsonal  Hygiene.   By  the  Rev.  James  Baikd,  B.A  l/» 

'*The  author  <ives  sound  instructions  for  theprescrvatioaof  health."— ^/ilMi«ar«e. 

"  It  IS  wdndrrfully  reliable,  it  is  writtMi  witk  cucalleat  tasto,  and  thcto    Inatrtictioa  crowded  kta 

ever)'  page.  " — Eitgiiih  Me*:h»m\ . 

150.  LOGIC,  Pure  and  Applied.  ByS.  H.  Emmens.   Third  Edition  x/6 

**  TMi  adminble  work  should  be  a  Mxt*book  not  only  Ibr  schools,  students  and  philosophers,  for  al 

ItttPmUun  .in  .t  men  of  science,  but  for  those  concerned  in  the  practical  .affairs  of  hfe.  ^c" — Tkg  Nemt, 

,53.  SELECTIONS  FROM  LOCKE'S  ESSAYS   ON  THE 

HUMAN  UNDERSTANDING.   With  Notes  by  S.  H.  Emmkss     .      .  a/b 

t54.  GENERAL  HINTS  TO  EMIGRANTS.  Containing  No- 
tices of  the  various  Fields  for  Emigration.  With  Hints  on  Preparation  for 
Emigrating,  Outfits,  Ike,  VwM  Recipe*,  Map  of  tbe  World,  Ac.       •      .  a/o 

157.  THE  EMIGRANT'S  GUIDE  TO  NATAL.   By  Robert 

Jaubs  Mamm,  F.R.A.S*,  F.M.S.  Secmid  Edltian,  reriacd.  Map      •      •  s/b 

,«e.  HANDBOOK  OF  FIELD  FORTIFICATION    By  Major 

W.  W.  Knoli.ys,  F.R.(}.S.   With  163  Woodcuts  3/0* 

"A  well'timed  and  able  contribution  to  our  miiiury  literature.  .  .  .  The  author  supplies,  in  a 
clear  busines*  itylc,  all  the  iafonaatioa  likely  CD  b«  pcaetically  naefal/'-OlMsiwrr  <^  Cmmmttm 

Chr»niU. 

194.  THE  HOUSE  MANAGER :  Being  a  Guide  to  Housekeep- 
ing. Praciical  Cookery,  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  the  Table  and  Desert,  Cellarage  of  Wines,  Home-brewing  and 
Wine-making,  the  Boudoir  and  Dres$ing-rooai,  Travelling,  Stable  Economy, 
Gardening  Operations,  ftc.  BjAll  OLD  HOUSBKBBPBR  .  .  .  ,  1,% 
"We  fnui  here  directions  to  be  discovered ia no other boak, teadiag  to  saveespcMa  to  the 
as  well  as  labour  to  the  head."— yo**  Bull. 

Quite  an  Encyclopxdia  of  domestic  matter*.    We  have  bcctt  gitatly  ideaied  widt  tlw 
Iticidity  of  the  explanatory  I'.ct.uU." — Court  Circular. 


and 


.  \HOrsr.  BOOK{The).  Comprising:  I.  The  House  Manager. 
.  I  By  an  Old  Housekeeper.  II.  Domestic  Medicine.  By  Ralph  Gooding, 


****  u 

(  |/.D*'III.  Bf  ANAGBMBHT  or  Hbalth.  By  Jambs  Baikd.  InOneVoL, 
iia*.  i  atvoogljr  iialf-boiind  6,-0 
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